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Timber building is undergoing a renaissance in construction industry thanks to 
its ecological and high strength-weight ratio benefits. The invention of various 
engineered timber products, such as glulam and plywood, of good mechanical 
properties and promising developments of technologies also pave a way for 
architectures and engineers to do increasingly challenging projects. 
Nevertheless, wooden structure is still at an initial phase compared to the 
deeply investigated and developed concrete and steel structure and a plenty of 
studies are pending to be carried out for better acknowledgement. 
 
The purpose of the present Master Final Thesis is to explore and evaluate the 
feasibility of pure timber structure comparing to composite structural 
alternatives, to be more specific, timber-concrete and timber-steel composite 
structure, for large span building of determined column distribution in term of 
resistance, serviceability, joint design, aesthetics and economic balance. In all 
cases, the connection design plays a significant role for they are the elements 
that guarantee the integrity and consequently determine the global structure 
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1 Introduction  
 
1.1 Background  
 
Timber building is undergoing a renaissance in construction industry thanks to its ecological 
and high strength-weight ratio benefits. It is renewable and it probably has the lowest 
carbon content than any other structural materials do. The invention of various engineered 
timber products, such as glulam and plywood, of advanced mechanical properties and 
promising developments of technologies also pave a way for architectures and engineers to 
do increasingly challenging timber projects. Besides, the excellent seismic performance, 
opportunities for prefabrication, cleaner and faster on-site construction timelines and good 
adaptability also give timber an edge over its competitors.  
 
Wooden structure is universally acknowledged to be only applicable for small residential 
buildings, but actually timber skyscrapers are sprouting up across the global. Mjøstårnet, a 
complex of 85.4  meter high made of cross-laminated timber (CLT) in Norway has been 
verified as the world's tallest timber building taking this title from the 53-metre-high Brock 
Commons Tall wood House in Vancouver, which has a hybrid wood and concrete structure. 
Japan even is planning to construct a high-rise composite timber monument over 300 
meters in height. 
 
Nevertheless, wooden buildings do present certain challenges, one of the most obvious 
challenge is how to maintain fire safety, and, because the materials are light, they shift 
more easily under extreme exterior forces. Additionally, its anisotropic behavior, sensitivity 
to moisture content and susceptibility to deterioration also matter in its employment. 
 
 
1.2 Purpose of study 
 
The purpose of the present study is to evaluate the validity of pure timber structure for 
large span case in terms of load bearing capacity, of serviceability, of connection design and 
of economic balance comparing to other 2 suggested  composite building alternatives: 
timber slab-beam system with column made of reinforced concrete and steel. 
 
It has to emphasize that in all cases the joint design, as the key point and nodus of the 
study, plays an extremely critical role for that it defines the restraint condition of supported 
elements, and its performance in loading affects the global structural behaviors.  
 
 
1.3 Content of study 
 
The present study consists of 5 principal blocks.   
 
Firstly, the paper will present the theory of timber structure including their mechanical 
properties, basis of design, definition of factors, deformation, stability, and their behavior in 
fire circumstance referring to Eurocode 1995. 
 
In the second block, it will illustrate essential information about the design of a large span 
pinacotheca encompassing architectural aspects, loads definition based on national code el 
Código Técnico de la Edificación, and member definition in order to model 3 alternatives – 
Model 1, pure timber structure; model 2, composite structure of concrete column; model 3, 
composite structure of metallic column - in the software Robot to realize a structural 
analysis so that  can carry out the posterior connection design. 
 
Then, it will demonstrate the connection theory and detailed computing methods for 
different construction materials based on correspondent Eurocode accompanying with the 
final joint design respectively. 
 
Afterwards, a simplified budget will be made by only taking into account the essential cost 
for structural elements construction free from any consideration of architectural aspects in 
order to make an economic evaluation. 
 
Last but not least, a comparison of 3 different models in terms of material mechanical 
properties, serviceability, connection design, aesthetics, technology and economic balance 




1.4 Alternatives   
 
In order to optimize the large span building design taking economic, technologic and 
esthetic factors into account, 3 models are suggested. The proposed 3 structure alternatives 
share the same CLT slab and beam system, and each scheme is in possession of columns 
made of different construction materials – to be more specific, model 1 composed of timber 
columns, model 2 of concrete columns while model 3, of steel columns - for determined 
vertical member distribution.  
 
Those columns not only should receive and resist the loads derived from the supported 
structure properly, but also shall facilitate and be compatible with the joint design which is 
the key point and nodus of the study.  
 
For all cases timber beams are assumed and modeled as they are articulately supported by 
parenting members because, thought theoretically possible, it is hard to realize a rigid nor 
semi-rigid joint in reality. The connection design theory and specific computing methods to 
identify the joint load bearing capacity for different parenting materials, which will present 
in posterior chapters, vary considerably and are going to be introduced respectively. 
 
The structural analysis is carried out through software Robot Structural Analysis Professional 
of Autodesk (student version), whilst the software Culculatis of Stora Enso is used for the 
pre-dimension and verification for the cross laminated timber panel, and the connection 
design is realized by using excel.   
 
 
2 Timber building  
 
2.1 Classification  
Normal sawn timber can be found only up to certain dimensions due to the size of the trees 
and the industrial process. When its limited dimension doesn’t meet the needs, the use of 
Engineered Wood Products is essential. 
2.1.1 Glued laminated timber  
Glued laminated timber, also abbreviated glulam, is a type of structural engineered 
wood product constituted by layers of dimensional lumber bonded together with durable, 
moisture-resistant structural adhesives. The boards are all oriented with their main fibre 
direction in the axial direction of the finished glulam beam.  
Glulam can either be homogeneous or made to match the design stress levels in the beam 
with higher strength laminations in the outer higher stressed regions of the beam. This type 
of glulam is called combined glulam. 
 
Figure - 1 Lay-up for a combined glulam beam 
The beams can also be manufactured with a curvature, either a small pre-camber to 
minimize deflection or as a curved beam. The curved beams are normally made with thinner 
laminations and forced into the desired curved shape before curing of the adhesive.  
Tests have shown that in average glued laminated timber is not significantly stronger than 
solid beams of the same size but the variability in strength is lower, see figure below. The 
low variability has often been explained by smearing-out effects, i.e. cutting the solid wood 
into smaller pieces and glue them together randomly causes the low-strength defects to be 
more uniformly distributed and each defect has a less significant effect(Swedish Wood 
2016). 
 
Figure - 2 distribution function for strength of glulam beam and structural timber 
(Swedish Wood 2016) 
 
2.1.2 Cross laminated timber (CLT) 
 
Cross laminated timber is also a widely used engineered wood product. It is a wood panel 
product made from gluing layers of solid-sawn lumber together with each layer of boards 
usually oriented perpendicular to adjacent layers and glued on the wide faces of each 
board, usually in a symmetric way so that the outer layers have the same orientation. An 
odd number of layers is most common, but there are configurations with even numbers as 
well (which are then arranged to give a symmetric configuration). Regular timber is 
an anisotropic material, meaning that the physical properties change depending on the 
direction at which the force is applied. By gluing layers of wood at right angles, the panel is 
able to achieve better structural rigidity in both directions.  CLT can be used for long spans 
and all assemblies, e.g. floors, walls or roofs(Swedish Wood 2016). 
 
 
Figure - 3 Cross laminated timber panel (Stora Enso) 
 
 
2.1.3 Laminated veneer lumber (LVL) 
 
Laminated veneer lumber is made by gluing the wood veneer sheets, together to form thick 
(20 – 90 mm) structural panels with maximum size 3 000 × 24 000 mm. For normal LVL all 
the layers are oriented with the fibre direction in the same direction, normally in the long 
direction of the finished product. After gluing and curing the thick panels are sawn into 
board dimensions. The process of gluing the sheets together creates a structural element of 
higher reliability and lower variability through defect elimination and distribution of defects, 
in the same way as for glulam(Swedish Wood 2016). 
In general, LVL has high bending, tension and compression strength, as well as high shear 
strength and a relatively high modulus of elasticity.  
 
2.1.4 Plywood 
Plywood is produced in much the same manner as LVL, but with the veneers laid up 
perpendicular to each other. The number of veneers (plies) are always odd, meaning that 
the fibre direction of the outer layers are always in the same direction, and the outer 
veneers normally have the fibre direction oriented in the long direction of the panel.  
The structural properties of plywood are dependent on the number and thickness of the 
veneers and load direction. It is important to keep in mind the direction of the forces, 
bending perpendicular to the plane of the panel and in-plane bending. The layers with grain 
direction in the same direction as the normal stresses have the highest stiffness and take 
the major part of the load. The contribution to the load bearing of the layers with grain 
direction perpendicular to the direction of the normal stresses is very small and can in 
practice be disregarded.  
 
Figure - 4 bending, a) perpendicular to the plane and b) in-plane bending including the distribution of 





2.2 Physical and mechanical properties  
 
Wood is a porous and fibrous structural tissue found in the stems and roots of trees and 
other woody plants. It is an organic material - a natural composite of cellulose fibers that 
are strong in tension and embedded in a matrix of lignin that resists compression. 
 
 
2.2.1 Physical properties 
 
2.2.1.1 Moisture content  
 
Timber is a hygroscopic material that has capacity to attract and retain water. Its moisture 








Its tendency to absorb or release water depend on the atmosphere condition, in particular, 
hinges on the relative humidity and the temperature. In this way, each environmental state 
corresponds to a certain grade of moisture. The point where the moisture content of a wood is 
stabilized, named equilibrium moisture content (EMC). 
 
In addition, the variation of moisture content leads to the alternation of dimension of 
timber member by means of swelling and shrinking, thus affects its mechanical properties. 
This movement takes places only when humidity is lower than the fiber saturation point 




2.2.1.2 Density  
 
Density is defined as the mass contained in a unit of volume referring to a certain degree of 
moisture content, generally the reference moisture content is 12%. 
 
The wood can be categorized into softwood and hardwood according to their density, which 
would vary from 300kg/m3 to 1200kg/m3 dependent on the species, and it is fairly low in 
weight in comparison to concrete and steel.  
 
In general, the higher density the timber has, the better mechanical properties it presents. 
However, hardwoods, which weighs more, are basically expensive owing to the lower 
growth rate and to the tropical origin of most types that implies higher transportation cost. 
 
In construction industry conifer is served as the specie of wide application whose density is 
around 400kg/m3 to 550kg/m3. 
 
 
Table - 1 Mechanical properties of different class of wood 
 
2.2.1.3 Influence of size 
Strength testing of timber has shown that there is a considerable influence of the volume of 
the tested specimens. Larger specimens break at a lower average tension stress level than 
smaller specimens. This phenomenon is normally explained by the weakest link theory. This 
theory says that “a chain subjected to tension is never stronger than its weakest link”. For 
wood it is shown that the probability of a large weakness occurring in the most loaded 
section is larger for a large specimen than for a small specimen. (Swedish Wood 2016) 
 
2.2.2 Mechanical properties  
 
One of the most primordial characteristics of timber, as a construction material, is its 
anisotropy, as opposed to isotropy, which implies its physical and mechanical properties are 
directionally dependent. In general, wood is recognized strong and stiff in the grain 
direction whilst weak in perpendicular orientation.  
 
 
Figure - 5 3 principal axes of wood with respect to grain direction 
(Green, Winandy, & Kretschmann, n.d.) 
2.2.2.1 Strength properties 
 
The strength of the wood is fundamentally affected by the direction in which it is loaded in 
relation to the grain.  
 
The parallel tensile strength is approximately twice as much as its compressive strength in 
the grain direction, whilst wood has considerably low compressive strength and almost null 
tensile strength in the perpendicular orientation of the grain. 
 
The shearing strength of wood is 10-15% of its tensile strength in the direction of the grain, 




Figure - 6 Strength- strain curve (Pelà, 2018) 
 
In the direction of the grain, the bending strength is directly proportional to the density of 




Figure - 7 Stress for increasing moment (Pelà, 2018) 
 
 
2.2.2.2 Thermal properties  
 
Timber is a good thermal insulation material thanks to it porosity. In the direction of the 
grain, the thermal conductivity is about twice what it is perpendicular to the fiber, and the 
conductivity declines as the density of the wood decreases. 
 
Increasing the moisture in the wood also rises its thermal conductivity. As the temperature 
of wood decreases, its strength usually increases. The thermal expansion of wood in the 
direction of the grain is very little. In the radial and tangential directions, temperature 
movements are much greater.  
 
Repeated variation in temperature decreases the strength of wood. In a temperature less 




2.3 Basis of design 
 
The posterior theory and design are based on the UNE-EN 1995 1-1 2016. The code EC 5 
adopts the limit state method by using partial safety factors, as same as that of concrete 
and metallic case. 
 
2.3.1 Factors affect mechanical property 
 
The characteristic value of mechanical properties of timber are obtained by tests realized 
under normalized condition of certain moisture content and load duration for determined 
quality of timber. Therefore, certain correction is required provided that the actual 
conditions don’t coincide with the reference one. 
2.3.1.1 Service class  
 
As mentioned before, the moisture content affect significantly timber mechanical 
properties, and the tests carried out to identify their resistance are set in certain 
atmosphere (207𝐶 ± 27𝐶, 65 ± 5%	𝑜𝑓	ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦). Therefore, when the humidity and the 
temperature are distinct from the normalized condition, the characteristic value of its 
properties shall be corrected. 
 
Service Classes, given in Eurocode 5, are used for assigning  strength values and calculating 
deformation in load bearing situations.  They are determined by the moisture content of the 
panel corresponding to the environmental humidity and temperature during service. 
 
Service Class 1: moisture content in the material corresponding to a temperature of 20°C 
and the relative humidity of the surrounding air only exceeding 65% for a few weeks per 
year. The average moisture content in most softwoods will not exceed 12%. 
 
Service Class 2: moisture content in the material corresponding to a temperature of 20°C 
and the relative humidity of the surrounding air only exceeding 85% for a few weeks per 
year.  The average moisture content in most softwoods will not exceed 20%. 
 
Service Class 3: characterized by climatic conditions leading to higher moisture content than 




Table - 2 Table of service class (UNE-EN 1995 1-1) 
 
2.3.1.2 Load- duration classes 
Load duration is also a significant factor that affects timber resistance: the longer the force 
duration is, the lower resistance the member has. 
 
Figure - 8 Curve of Madison and of EC5 present the relation between load duration and resistance 
The load-duration classes are characterized by the effect of a constant load acting for a 
certain period of time in the life of the structure. For a variable action the appropriate class 
shall be determined on the basis of an estimate of the typical variation of the load with 
time.  
Actions shall be assigned to one of the load-duration classes given in table below for 
strength and stiffness calculations.  
 
Table - 3 Example of assignation of load duration (EN 1995 1-1) 
 
 
2.3.2 Design value of resistance  
 
The design value	𝑅0 of a load-bearing capacity shall be calculated as: 
 
 Where：  
𝑘H70, is a modification factor taking into account the effect of the load duration and 
moisture content. 
𝛾J, is partial factor for a material factor. 
 
Table - 4 Recommended partial factor for material properties 
 




2.4 Ultimate limit states 
 
Timber sectional verification is carried out by stress analysis method which is similar to that 
of metallic structure. If the ratio between the design value of the stress and the design value 
of strength is less than or equal to 1, member safety is verified. 
 
2.4.1 Forces parallel to the grain 
 
Tension parallel to the grain: 
 
Assuming such tension force is taken up uniformly on the net area 𝐴K of the transversal 
section of the member, the stress shall be calculated as:  
 
 
And the following condition should be satisfied: 
 
 
Compression parallel to the grain: 
In compression parallel to the fibre direction the main stress will be parallel with the axial 
direction of the fibres (tubes). Tubes loaded axially are very stable and can withstand a high 
load level. When the load is too high some fibres will start to buckle and be driven into the 
other fibres(Swedish Wood 2016)  
Assuming such compressive force is taken up uniformly on the net area 𝐴K of the 
transversal section of the member, the stress shall be calculated as:  
 
 






In order to analyze the stress generated by bending moment, the habitual expressions of 
Material Resistance are applied, in that they are valid for both homogeneous and isotropic 
section. Thus, for a section subjected to a bending moment 𝑀0: 
 
 








Combined flexion:  
  
When a member is loaded by two bending moments about two principal axis y and z, the 
normal stress shall be calculated as: 
 
If the section is rectangular, the max stress under combined bending moment presents in 2 
opposite vertices respect to the center of gravity. An interaction coefficient 𝑘H is applied 
taking into account the fact that the maximum stress is located in only one point in case of 
combined bending moment, while in simple bending case, corresponding to a complete 
board. The factor 𝑘H makes allowance for re-distribution of stresses and the effect of 
inhomogeneities of the material in a cross-section. 
Therefore, the section shall meet the two following conditions: 
 
 
Values for the factor km are given by Eurocode 5: For structural timber, LVL and glued-
laminated timber, km = 0,7 for rectangular sections, and km = 1,0 for other cross-sections. 
For other wood-based structural products, km = 1,0 for any cross-section.  




Figure - 9 Normal stress under tension-flexion 
















Figure - 10 Stress under compression- bending 
 
The stresses shall be calculated as: 
 
 





Shear force:  
In accordance with elastic bending theory, shear stresses will be generated parallel to the 
longitudinal axis of the beam. The value of the shear stress at any level in the cross-section 
of a beam, as derived from elastic theory. For a rectangular section, the maximum 
tangential stress is at the height of the center of gravity (z=0):  
 
For shear with a stress component parallel to the grain, as well as for shear with both stress 
components perpendicular to the grain, the following expression shall be satisfied:  
 
For the verification of shear resistance of members in bending, the influence of cracks 




 b is the width of the relevant section of the member.  
𝑘L1  is given as  
0.67, for solid timber  
0.67, for glued laminated timber  
1.00, for other wood-based products  
 
2.4.2 Forces perpendicular to the grain 
Tension perpendicular to the fiber: 
As it mentioned before, the tension strength perpendicular is almost null, in most cases it is 
not possible to assume a higher strength than 0.5Mpa (Swedish Wood 2016), thus such case 
rarely exists and shall evite. The resistance is affected significantly by the volume of the 
piece (𝑘M7N), and should be verified as:  
 
The effect of member size also shall be taken into account.  
 
Compression perpendicular to the fiber: 
In compression perpendicular to the fibre direction the tube-shaped wood cells will be 
crushed. Crushing a tube-shaped structure from the side requires low force and 
consequently both the stiffness and the strength for this form of loading are low. It is 
however not possible to de ne a true failure in compression perpendicular to the grain. 
When all the cells are crushed the stress level can increase again. (Swedish Wood 2016) 
Since wood has low stiffness in this direction and exhibits large moisture induced 
movements, compression will lead to large deformations. When this occurs in a connection 
between or and wall structure it may lead to undesired settlements in the buildings. 
Although the main problem with compressive forces perpendicular to grain usually is the 
deformation and not actual failure, most codes treat this problem as an ultimate load 
situation, as a design with regard to failure.  
The following expression shall be satisfied:  
 
Where: 𝑘L,OP, is a factor taking into account the load configuration, the possibility of splitting 
and the degree of compressive deformation. The value of should be taken as 1.0. 
 
2.5 Stability  
Timber members are often designed fairly slender. Therefore, importance shall always be 
attached to the stability during the design process.  
 
2.5.1 Column buckling  
As said previously there is a tendency for axial loaded members subjected to compression to 
displace laterally which eventually can lead to failure by buckling as shown in Figure -12. 
The slenderer the member is, the larger the risk for buckling. The slenderness ratio is de 
defined as the effective buckling length of the member, le, divided by the radius of gyration, 
i, of the cross section: 
 
where the radius of gyration about an axis 𝑖 = Q(S
T
), I is the second moment of area, and A 
is the cross-sectional area of the member.  
 
Figure - 11 Effective buckling length le for different end condition 
For an idealized perfectly straight column of length l having uniform properties and pin 
jointed at both ends, the theoretical axial load at which buckling will occur about the y–y or 
the z–z axes will be the Euler buckling load for the respective axis. Expressing the Euler 
buckling load in terms of the effective length, it can be written as:  
 
As the expression above is based on an ideal condition and varies from real case, a reduction 
factor 𝜒 that depends on the slenderness ratio is applied, the modified compression capacity 
is given by: 
 
The calculation of the ultimate load for the simulated columns was based on second order 
plastic analysis, using the plastic deformation potential of timber subjected to compression. 
Based on the simulations, buckling curves for different circumstances were developed. In 
order to do so a measure called the relative slenderness ratio λrel was defined:  
 
From the simulation results, curves have been derived in terms of λrel,y (or λrel,z) from which 
buckling strength reduction factors, kc,y (or kc,z), called instability factors, are obtained for 




𝛽L  is a factor for members within the straightness limits: 0.2, for solid timber; 0.1, for glued 
laminated timber and LVL  




2.5.2 Lateral buckling  
For an idealized, perfectly straight elastic beam, there will be no out-of-plane deformations 
as long as the bending moment generated by the applied external loading P is lower than 
the elastic buckling moment Mcrit. When the bending moment generated by P exceeds Mcrit, 
the beam buckles by deflecting laterally and twisting, as shown in the figure below. If the 
compression zone of the beam is not braced to prevent lateral movement, the member may 
buckle at a bending stress that is less than the design value. 
 
Figure - 12 lateral- torsional buckling of simple supported beam 
(Swedish Wood 2016) 
The philosophy of the study of lateral buckling is quite similar to that of buckling that all 
should take the restraint conditions into account. Additionally, the exterior forces also 
matter. A coefficient 𝛽M is defined to modify the length of beam into effective length. 
 
Table - 6 Value of coefficient 𝛽M 
The relative slenderness for bending should be taken as:  
 
where 𝜎H.L1W.is the critical bending stress calculated according to the classical theory of 
stability, using 5-percentile stiffness values.  
 
At last, the following condition for lateral buckling shall be satisfied: 
 
Where: 
𝑘L1W. = 1, for 𝜆1-N.H ≤ 0.75 
𝑘L1W. = 1.56 − 0.75𝜆1-N.H, for 0.75 < 𝜆1-N.H ≤ 1.4 
𝑘L1W. = 1/𝜆1-N.H^ , for 1.4 < 𝜆1-N.H 
 
 
2.6 Fire resistance 
 
While timber is indeed a combustible material, it has outstanding insulating properties and 
burns in a slow, predictable and measurable way. These features make timber perform 
strongly against fire and give designers the probability to confidently create strong, durable 
and fire-resistant timber structures. 
When exposed to the heat of a fire, timber goes through a process of thermal breakdown 
into combustible gases. During this process, a layer of charcoal forms on the burning surface 
of the timber and it is this charred layer that is the key contributing factor in timber's fire 
resistance. Timber itself is a good thermal insulating material, whereas the charred layer is 6 
times of insulation than that of wood.  
The layer acts as an insulator protecting the inner core of the timber, making it resist heat 
penetration and thus burn more slowly; while the temperature of the inner, uncharred core 
remains low, enabling it to continue to carry its load. Initially the rate of charring is fast but 
as the char depth increases it provides a stronger protective layer to the timber, slowing the 
overall combustion rate. 
The self-protecting nature of the charring layer increases the likelihood of a timber structure 
surviving fire as the uncharred inner core remains unaffected, maintaining its strength and 
with it the structure's stability. 
 
 
Figure - 13 Zones under fire conditions (CTE DB-SI) 
 
2.6.1 Carbonization velocity  
 
In accordance with results of tests that carried out aim to identify the timber behaviors in 
fire situation, it reveals that the depth of carbonization is proportionate to the exposure 
time, in a constant velocity 𝛽.  
 
Taking into account the corner rounding effect, the charring velocity 𝛽 is furtherly 
substituted by effective charring velocity 𝛽P, which is slightly greater than the previous one.  
 
Thus, the profundity of carbonization 𝑑L_` can be obtained by following expression: 
 




Figure - 14 Corner rounding phenomenon 
 
The effective charring rate of distinct type of timber is defined in UNE - EN1995 1-2. 
 
Table - 7 Effective velocity of carbonization (CTE DB-SI) 
 
Generally, the contribution of fire proof treatment on the timber surface should be 
evaluated by test.  
2.6.2 Basis of fire design 
 
In case of fire resistance verification, the design value of strength and stiffness are 












And the value of safety coefficients involved in the above formula shall be adopted from the 
following table:   
 
Table - 8 Safety coefficient under fire combination (UNE-EN 1990) 
 
 
2.6.3 Reduced section method  
 
The present code specifies 3 methods to consider the fire influence on the section 
mechanical properties and on the transversal section，which are reduced section method, 
reduced properties method and general method.  In this report only presents the reduced 
section method. 
 
Reduced section method is a simplified way to calculate the load- bearing capacity of an 
element in fire based on the assumption that the stiffness and resistant properties are not 
affected by temperature, and the loss of mechanical properties is compensated by a 
reduced section, named effective cross-section. 
 
 
Figure - 15 Effective section and residual section 
An effective cross-section should be calculated by reducing the initial cross-section by the 
effective charring depth def  
 
Where:  
𝑑-`, effective profundity of carbonization 
𝑑L_`, profundity of carbonization 
𝑑P, added depth of carbonization in order to compensate the loss of resistance in the 
perimeter zone of the section, 7mm. 
𝑘P, correct factor 
 
Figure - 16 Factor k0 (CTE DB-SI) 
According to the code CTE, the required fire resistance for a concurrence building of 16.2 









2.7 Deformation  
The loading time affects not only the strength but also the deformation of wood. A piece of 
timber subjected to a constant load will show increasing deformation with time, this effect 
is called creep. When the load is removed most of the deformation will be recovered, 
although there is almost always a small permanent deformation remaining.  
 
Figure - 17 Creep curve, above the load- time curve and below the deformation load-time curve 
(Swedish Wood 2016) 
The deformation can be divided into three components; elastic, delayed elastic and viscous 
deformation. The elastic deformation appears directly after loading. After that the 
deformation will increase slowly under a constant load. This increase in deformation is 
made up of both the delayed elastic and the viscous deformation. The difference between 
these two components is visible first after unloading. The delayed elastic deformation is 
reversible with time while the viscous deformation is permanent.  
The increase in deformation due to creep (𝑢L1--a) after an infinite time is often defined as a 
creep factor, denoted (𝑘0-`) in Eurocode 5, times the instantaneous deformation (𝑢WKb.): 
𝑢L1--a = 𝑘0-`𝑢WKb.  
With the help of the creep coefficient it is possible to estimate how large the deformation of 
a structure will be after a long time with a constant load. For normal sawn timber the creep 
factor kdef is 0.6 – 0.8 for normally dry conditions and as large as 2,0 for timber subjected to 
high and varying moisture content.  
There are several external factors that influence the magnitude of the creep; temperature, 
load direction, stiffness, knots and moisture content:  
1) Load direction – the amount of creep is different in different load directions.  
2) Stiffness- tests have shown that material with higher modulus of elasticity not only get 
less instantaneous deformation; the additional creep deformation is also smaller for 
material with higher modulus of elasticity. 
3) Moisture content-tests have shown that with higher moisture content exhibit larger 
creep deformation than wood with lower humidity. Varying moisture content in 
combination with loading have, however, been shown to give a significant increase of 
creep deformation. 
Apart from those factors mention above, the types of connection, by which transfer the 
load from supported member to the parent piece and thus result in a slide between them, 
also matters. When a structure is isostatic, this slide leads to an increment of deformation.  
Though for a hyperostotic this slide generates a redistribution of stress, the deformation 
arises as well. 
Eurocode 5 defines an instantaneous slip module (kser) that allows estimating the sliding of 
the joint according to the service stress in the cutting plane taking into account the density 
of the material and the type of fixing element. For joints made with dowel-type fasteners 
the slip modulus kser per shear plane per fastener under service load should be taken from 
table below with Pm in kg/m3 and d or d in mm. 
 
Table - 10 Value of kser 
On basis of the sliding coefficient, the instantaneous deformation can be obtained by 
following expression: 
 
The final deformation could be calculated as, 
 
In el Código Técnico de la Edificación includes a series of requirements to limit the different 
componentes of deflection. 
 
Table - 11 Limitation of deflection (CTE-DB0-SE) 
 
Figure - 18 Different deflection definition 
 
Where the net deflection below a straight line between the supports,𝑤K-..`WK should be 
taken as: 
 
In terms of the horizontal displacement, el Código Técnico de la Edificación defines two 
parameters to be satisfied, the criteria of integrity and of appearance. 
According to the norm, integrity criteria takes the integrity of non- structural elements into 
account, and such integrity can be obtained by guaranteeing a sufficient global stiffness. In 
particular, this can be translated into limit the total horizontal displacement 𝑢. in function 
of the height of the building, without considering the instantaneous deformation generated 
by permanent loads. 
While the second one, the relative horizontal displacement 𝑢abetween adjacent floors 
under quasi-permanent combination shall not be greater than the limit value.  
In general, it is sufficient to carry out the verification in the orthogonal directions, which 
always coincides with 2 principal axes of the building structure with conventional geometry. 
 




3 Analysis of structure 
 
3.1 Introduction  
 
The proposed building, an artistic museum, is 80 meters long (x axis), 36 meters wide (y 
axis) and consists of 3 floors with a storey height of 5.4 meters located in Barcelona. 
 
In order to not only facilitate the exhibitions but also enhance the spatial flexibility, large 
clear span of 12 and 20 meters in two perpendicular directions is suggested. A span of such 
length can be achieved by means of secondary and primary beam system made of glulam or 
cross laminated timber. 
 
In principal, timber, considering its high strength-weight ratio and ecological advantages, is 
served as a structural material of preference other than concrete or steel. Nevertheless, in 
case of large span, the cross section of vertical timber member would be large owing to the 
big magnitude of shear force at the beam ends. Besides, timber joint design might also 
complicate the case. Therefore, a composite structure might be a better option.  
 
The idea is to design a building constituted by a cross laminated timber slab supported by 
secondary beam system with a separation of 1.25 meter pinned to , as a rigid connection is 
hard to be realized in reality, primary beam system, and the vertical members are proposed 
to use 3 different materials, in particular timber (model 1), concrete (model 2) and steel 
(model 3) for determined column distribution. For all cases the connection design plays a 
critical role in the calculation and may account for 20% to 40% of the total cost. Finally, by 
comparing the 3 schemes will know which the optimal proposal is.  
 




3.2 Architectural aspects  
 
3.2.1 General information  
 
The proposed building is a pinacotheca, a space specialized in exhibition of artistic works of 
pictorial nature, equipped with heating, ventilation and air conditioning system. The slab is 
made of cross laminated timber which is considerably lighter than conventional concrete 
floor. The abovementioned information makes the building low in weight so as to make a 
large span structure, whose spacing between adjacent columns in 2 directions is 12 and 20 





Figure - 19 Typical floor lay-out 
 
 
3.2.2 Acoustic insulation scheme 
 
As timber have relative bad acoustic insulation performance in comparison to other 
construction material, an effective noise proof scheme shall always be taken into account. 
 
1. 300 mm of Warmcell, which provides good levels of thermal insulation as well as high 
levels of acoustic absorption, is installed into the building envelope and then lining a roof 
with an acoustically transparent finish. 
 
2. Add acoustic panels (20 mm polyester fiber acoustic panels, 140kg/m3) suspended on 
thin metal wires which is extremely effective snice all sides of the panel can provide acoustic 
absorption. 
 
3. Certain quantity wall panels (12 mm polyester fiber acoustic panels, 190kg/m3) are 
installed on the partition wall (2 sides) of each exhibition room in order to enhance the 
insulation and reverberation. 
 
4. Large grey acoustic panels (12 mm polyester fiber acoustic panels, 190kg/m3) fixed to the 
underside of walkways. 
 




Figure - 20 Acoustic insulated products(MACH ACOUSTIC 2016) 
 
 
3.2.3 Thermal insulation scheme 
 
Since timber has very low thermal conductivity, we only have to ensure the thermal 
insulation in the roof top (combined with acoustic insulation) and on the glazed curtain wall. 
 
1. Roof: 300 mm of Warmcell, which provides good levels of thermal insulation as well as 
high levels of acoustic absorption, is installed into the building envelope and then lining a 
roof with an acoustically transparent finish, plus a light timber panel (4KN/m3) layer. 
 
2. Glazed curtain wall 6mm in thick (25𝐾𝑁/𝑚e,): Polyamide thermal barrier strip, two 
separate aluminum extrusions are designed—one interior and one exterior—and channels 
in the aluminum profiles are created to hold the barrier strips, providing as much separation 
as needed for an expected level of thermal insulation and using less metal. 
 
And its self-weight acts on the perimeter beams as can be calculated as: 
 









3.2.4 Fire proof scheme 
 
Fire proofing for timber structure is normally accomplished by means of either over 
dimension the cross section or adding some fire proof material, for example Gymsum 
plaster, on the surface of pieces, or combined both of them. The proposed schemes should 
meet the escape requirements regulated in correspondent code. In this case, a museum, as 
a public concurrence building of special importance, the required fire resistance is R-90.  
 
For aesthetic reason as well as for the intention of gaining lower self-weight, the fire 
proofing scheme consists of an over dimension of structural pieces plus adding a layer of 
transparent intumescent painting AITHON PV 30, which can achieve R-60 itself, with a 
posterior coating of AITHON F3 (AITHON Catalogo n.d.). Thus, the over dimension part only 




Table - 13 Properties of fire proof painting (AITHON Catalogo n.d.) 
 





Table - 14 Basic fire proof requirements 
 
       
 
Table - 15 Fire resistance parameter setting for timber beam (left) and column (right) in Robot 
 
  
3.2.5 Roof waterproofing solution  
 
The constructive section and details of roof are shown in the following figure whose 











3.3 Loads   
 
The magnituds of loads are refered to the código de la Edificación-Documento Básico-
Seguridad Estructural Acciones en la Edificación (DB-SE-AE). And some specific loads, such as 
weight of the curtain wall are calculated manually.  
 
3.3.1 Vertical loads 
 
Live loads for congregated building of C3: 5KN/m2 
 





Table - 16 Characteristic value of live load (CTE) 
 
Live load of snow according to the location (Barcelona): 0.4KN/m2 
 
 
Table - 17 Characteristic value of snow load 
 
The characteristic value of vertical loads is summarized in the table below: 
 
KN/m2 Dead Loads Partition wall Roof Live Loads snow 
3rd floor 1.73 - 1.5 1 0.4 
1-2 floor 1.28 1.23 - 5 - 
 
Table - 18 Design loads 
 
𝐶𝑢𝑟𝑡𝑎𝑖𝑛	𝑤𝑎𝑙𝑙: 1.62𝐾𝑁/𝑚 , hanged by the superior perimeter beams. 
 
 
3.3.2 Horizontal actions 
 
By adding a layer of timber panel on top of the CLT 
slab, it is believed that a diaphragm is formed so that 
the structure can receive the horizontal actions 





Figure - 23 Basic value of wind velocity 
𝑞- = 𝑞l ∗ 𝑐- ∗ 𝑐a 
 
𝑞l = 0.5𝐾𝑁/𝑚^ 
 
𝑐- = 2, for	urban	building	less	than	8	floors 
 
 
Table - 19 Wind coefficient of pression and of sudation  
 
 
Seismic action (Norm NSCE): 
 
In accordance with the Spanish norm, the construction classification for a historic or artistic 
monument is of especial importance, for such structures whose seismic acceleration is 
inferior to 0.04g, where g is the acceleration of gravity, the earthquake effect can be 
neglected, while for the contrary case, is obligatory to be considered. 
 
On the basis of the seismic risk map defined in the norm NCSE-02, the seismic acceleration 
of Barcelona belongs to the range of 0,04𝑔 ≤ 𝑎l ≤ 0,08𝑔, so the earthquake action shall 




Figure - 24 The seismic risk map defined in the norm NCSE-02 
 
 
Seismic modelling in software Robot: 
 




Figure - 25 Model analysis parameters in Robot 
  
 

























Table - 20 Example of assignation of service class 
 








1. Permanent; 2. Long-term; 3. Medium-term; 4. Short-term; 5. Instantaneous; 
 
Figure - 28 Load case classification in Robot 
 
 
The factor 𝑘H70  is dependent on the service class and the load duration: 
 
 
Table - 22 kmod coefficient 
 
 




Table - 23 Recommended partial factor for material properties(EN 1995-1-1) 
 











3.4 Member definition 
 
Posterior member definitions are set in the software Robot and Calculatis, which is 
specialized in engineered wood products design. 
 
3.4.1 Slab definition 
 
The CLT slab is supported by a secondary beam system with a separation of 1.25 meters.  
And the secondary beam is pinned to the main beam since a rigid connection is hard to be 
realized in reality as mentioned before.  
 
The section CLT 100 L5s is quite suitable for all floors, whose properties are to be seen as 












Table - 24 Mechanical properties (Calculatis) 
 
Figure - 32 Loads in roof top (Calculatis) 
 
Figure - 33 Loads on 1st and 2nd floors (Calculatis) 
 
In order to receive and transmit the horizontal actions to the vertical members, the slab is 
defined as one-way diagram in plane x-y, and the diagram function can be achieved by 








Figure - 35 Slab load distribution (Robot) 
 
3.4.2 Timber beam   
 
The final dimension of secondary and primary beams in 2 direction, made of GL 32h, are 
showed in the following table: 
 
Members  b (mm) h (mm) 
2nd. Beam 650 220 
Beam x  1250 310 
Beam y  1100 280 
 
Table - 25 Geometry of timber beams 
NOTE:  
 





Figure - 36 Section definition of beam x 
The parameters set in Robot are based on Eurocode 1995. 
 
   
 
Figure - 37 CLT beam definition in Robot 
As mentioned previously, for timber buildings it is hard to realize rigid nor semi-rigid joints 
that are capable of transmitting bending moment. Though conservative, it is modelized as 
all the beams are pinned at their ends, i.e., they are simply supported. Thus, one degree of 
freedom should be released. A new restraint condition is defined in robot by releasing the 




Figure - 38 Restraint condition definition in Robot 
 
3.4.3 Timber column of model 1 
 
The definition of timber column made of Gl32h are showed as follow: 
 
Members  b (mm) h (mm) 
Column 1250 1250 
 




Figure - 39 Timber column definition in Robot 
 
 
3.4.4 Concrete column of model 2 
 
The definition of concrete column made of C40 are showed as follow, and the 








3.4.5 Steel column of model 3 
 
As single HE section is no capable of resisting the forces, a composed profile HHEB 500, 
formed by two welded HEB 500, in steel S 450 is adopted, whose geometric properties are 
showed in the following figure:  
 
 
Figure - 41 Cross section of composed profile HHEB 500 
 
3.5 Results of modeling  
 
Explicit calculation notes are to be seen in the annex while in this section only presents the 
critical results of the most unfavorable elements. Such results are extracted and 
summarized from software Calculatis and Robot. 
 
3.5.1 Results of timber slab – beams system 
 
3 models are sharing the same timber slab - beam system and their global utilization ratio 
(enveloped one) of the most critical elements are shown as follow: 
 








Table - 28 Global utilization ratio of slab panel (Calculatis) 
 
 
Glulam timber beams: 
 
The dominant case for all beam types is that of fire combination and the enveloped ratios 
are presented in the following table: 
 
Members Govern Case  Gblobal ultilization Ratio  
2nd Beam 63 Fire Sig_m,y,d,fi/f m,y,d,fi = 12.18/45.63 = 0.27 < 1.00  
Beam y 63 Fire Tau z,d,fi/f v,d,fi = 0.71/3.09 = 0.23 < 1.00    
Beam x 63 Fire Sig_m,y,d,fi/f m,y,d,fi = 33.79/45.81 = 0.74 < 1.00    
Tau z,d,fi/f v,d,fi = 0.08/3.09 = 0.03 < 1.00     
 
Table - 29 Global utilization ratio of the most unfavorable beam member 
 
Importance should always be attached to the factor deflection, especially for simply 
supported beams of very large span as the bending moment in the center could be huge. 
 
Beams Deflection (cm) 
2nd Beam u fin,z = 6.4 cm  <  u fin,max,z = L/150.00 = 8.0 cm 
Beam y u fin,z = 2.4 cm  <  u fin,max,z = L/150.00 = 8.0 cm 
Beam x u fin,z = 11.3cm  <   u fin,max,z = L/150.00 = 13.3 cm 
 
Table - 30 Deflection verification in SLS 
 
 
3.5.2 Results of different column schemes 
 
Model 1 of timber column: 
 
Column section strength check: Case 63, fire combination governs, and the global utilization 
ratio of the most loaded column is: 
 
Section Strength Check 
T.Column Sig_c,0,d,fi/f c,0,d,fi = 3.47/36.80  = 0.09 < 1.00    
Sig_c,0,d,fi/(kc*f c,0,d,fi) = 3.47/(0.93*36.80) = 0.10 < 1.00    
 
Table - 31 Global utilization ratio of the most unfavorable timber column 
The utilization ratio is considerably low, which only account for 10%, but in this case the 
section is primarily dependent on the posterior connection design and it shall meet the 
horizontal deformation requisites under SLS as well. 
 
Horizontal displacement and drift check:  
 
In accordance with CTE, the horizontal displacement under characteristic combination shall 
not be greater than: 
 
Table - 32 Limit value of horizontal displacement 
 
Meanwhile, in case of earthquake the drift shall not be superior to the limited value 
regulated in Eurocode 1998: for buildings having non-structural elements fixed in a way so 
as to not to interfere with structural deformation or without non-structural element, the 
interstorey drift shall: 
 








Figure - 43 Storey drift under accidental combination of model 1 
 
Where: the drift of stories is calculated as the difference of the average displacement of the 


















Model 3 of steel column: 
 
For model 3 of metallic column: Case 33, accidental combination dominants. The utilization 
ratio of the most loaded column is showed as follow, and the enveloped one value 0.9.  
 
 
Section strength check 
N,Ed/Nc,Rd = 0.29 < 1.00    
(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.46 = 0.43 < 1.00   
Vy,Ed/Vy,T,Rd = 0.03 < 1.00    
Vz,Ed/Vz,T,Rd = 0.13 < 1.00    
Global stability check of member: 
Lambda,y = 25.48 < Lambda,max = 210.00   
Lambda,z = 32.40 < Lambda,max = 210.00     
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + 
kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.90 < 1.00    
N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + 
kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.86 < 1.00    
 
Table - 33 Metallic column strength check 
 
Figure - 46 Horizontal displacement under SLS of model 3 
 
 
Figure - 47 Storey drift under accidental combination of model 3 
Verified! 
In model 3, the drift demand is verified but it is at the edge of surpassing the limit value of 
10.8cm. Such phenomenon can be eased by arranging concrete wall around the elevator by 
which the structure can be stiffened laterally. 
 
 
4 Timber Connection  
 
4.1 Introduction  
 
In wooden structures, connections play a crucial role both in their design and service phases 
for they are the elements that make the structure "a whole". They not only define the 
restraint condition of the supported member but also furtherly determine the global 
structure performance in loading. 
 
The joints can be classified into two types according to the composed material: timber to 
timber connection and steel to timber connection, and the shear plane between them could 
be 1 or 2. The usual fastener types used to connect the pieces are nails, screws, bolts and 
staples. 
 
For steel to timber connection it can be further categorized, according to its stiffness, into 
rigid, semi- rigid and pinned joint whose load- carrying capacity is dependent on the 
thickness of steel plate, named thick plate with thickness greater than d and that of thin 
plate is less to 0.5d. However, in reality a rigid or semi-rigid joint is hard to be accomplished. 
 
The joints are also the weak part when it comes to fire protection, as the steel possess an 
inferior structural performance of losing its mechanical properties and facilitating 





4.2 Theory  
 
4.2.1 Calculation method 
 
The fasteners shall resist adequately the stresses passing through them which are shear 
force, posteriorly called lateral force whose direction is perpendicular to the fasteners’ axis, 
and axial force. In case of the member is under shear, the shank of the fasteners is 
subjected a lateral force and it thus results in a bending moment.  
 
Both mechanical properties of materials and geometry of the elements are conclusive to the 
connection load- carrying capacity. 
 
 
4.2.2 Mechanical properties 
 
When a joint is laterally loaded, two principal mechanical properties are set to quantify the 
joint bearing capacity: 𝑀2.~, characteristic value yield moment of fastener, and 𝑓., 




4.2.2.1 Embedment capacity 
 
Embedment capacity is defined as the ultima compressive stress can be resisted by the 
timber piece, tested by means of a rigid lineal element passing through the member taking 
into account simultaneously the geometric properties of the timber and the shank. 
 
The relative deformation between the timber specimen and the shank is measured during 
the test, and the test doesn’t finish until either attain the maximum force Fmax or reach the 
ultimate deformation of 5mm. 
 
For bolts up to 30 mm diameter, the following characteristic embedment strength values in 






𝜌, is the characteristic density, in kg/m3;  
𝑓.P., is characteristic embedment strength parallel to the grain, in N/mm2; 
a, is the angle of the load to the grain;  
d, is the bolt diameter, in mm. 
 
4.2.2.2 Yielding capacity: 
 
The yielding moment, named plastic moment as well, is defined as the flector that produces 
a complete plastification of the section of a fastener of mental dowel type (bolts, screws, 
etc.) For the study of bolts and screws with a diameter greater than 6 mm, the following 
expression is established: 
 
4.2.3 Capacity under axial force 
 
As indicated above, the axial force capacity refers to the tensile strength of the joint, taking 
place mainly on the screws and bolts. On the one hand, this resistance is achieved thanks to 
the threaded part. On another hand, this capacity is also derived from the washer under the 





For screws that have a diameter between 6 and 12 mm and the ratio between the outer and 
inner diameters of the threaded part is between 0.6 and 0, 75, the characteristic axial load 






𝑓_,_,, is the characteristic withdrawal capacity of the connection at an angle a to the grain, 
in N;  
𝑓_,,	is the characteristic withdrawal strength perpendicular to the grain, in N/mm;  
𝑛-`, is the effective number of screws, for a connection with a group of screws loaded by a 
force component parallel to the shank, the effective number of screws is given by:  
𝑛-` = 𝑛P.O 
𝑙-`, is the penetration length of the threaded part, in mm;  
A, is the angle between the screw axis and the grain direction 
 
For bolts: 
For axially loaded bolts, the axial load-bearing capacity and withdrawal capacity of a bolt 
should be taken as the lower value between the bolt tensile capacity and the load-bearing 
capacity of either the washer or (for steel-to-timber connections) the steel plate.  
The bearing capacity of a washer should be calculated assuming a characteristic 
compressive strength on the contact area of 3,0𝑓L.OP..  
The bearing capacity per bolt of a steel plate should not exceed that of a circular washer 
with a diameter which is the minimum of: 12t, where t is the plate thickness; 4d, where d is 
the bolt diameter.  
And the axial load bearing-capacity of single non- preloaded fastener can be obtained by the 
formulas above on the basis of Eurocode 1993. 
 
 
4.2.4 Capacity under lateral force 
 
The joints can be classified into two types according to the composed material: timber to 
timber connection and steel to timber connection, and the shear plane between them could 
be 1 or 2. 
 
In 1949 Mr. Johanson published an essay in which tested all the possible modes of failure of 
certain type of connection and concluded corresponding resistance computing equation 
named “Equation Johanson”, which is universally recognized.  According to his theory the 
joint’s resistance is dependent on not only the embedment strength and yielding moment 
but not on the thickness of the constituted elements: 
 
 
Figure - 48 Value of t1 and t2 
 
Timber to timber and panel to timber connections: 
 
In line with number of pieces the joint involves, it can be classified into single shear case and 
double shear case. 
The characteristic load-carrying capacity for nails, staples, bolts, dowels and screws per 
shear plane per fastener, should be taken as the minimum value found from the following 
expressions as each of them represents one certain mode of failure: 
For fastener in single shear: 
 
 
Figure - 49 Failure modes of simple shear plane 
The first term on the right-hand side is the load-carrying capacity according to the Johansen 
yield theory, whilst the second term 𝐹_.~/4  is the contribution from the rope effect. The 
contribution to the load-carrying capacity due to the rope effect should be limited to 
following percentages of the Johansen part:  
Round nails 15% 
Square and grooved nails 25% 





Table - 34 Limited contribution of Rope Effects 
For fastener in double shear: 
 
 
Figure - 50 -Failure modes for timber and timber connections in double shear 
 
 
Timber to steel connections: 
 
Apart from such joint capacity can be affected by shear planes as it mentioned in previous 
part, steel plate thickness is also a decisive factor. A connection constituted by thin plate, 
whose thickness less than or equal to 0.5d, is believed that it is not capable of transmitting 
bending moment, i.e. possess rotation capacity. By the contrary, a joint composed by thick 
plate with its thickness greater than d is able to restraint the rotation. 
For steel plate whose thickness is between a thin and a thick plate, it should be calculated 
by linear interpolation between the limiting thin and thick plate values.  
The characteristic load-carrying capacity for nails, staples, bolts, dowels and screws per 
shear plane per fastener, should be taken as the minimum value found from the following 
expressions: 
For a thin steel plate in single shear:  
 
 
Figure - 51 Modes of failure of thin steel plate 
 
For a thin steel plate in single shear:  
 
 
Figure - 52 Modes of failure of single thick steel plate 
For a steel plate of any thickness as the central member of a double shear connection:  
 
 
Figure - 53 Double shear plane with central steel plate 
 
For thin steel plates as the outer members of a double shear connection:  
 
 
Figure - 54 For thin steel plates as the outer members of a double shear connection 
 
 
Figure - 55 Double shear connection with tewo lateral steel plates 
For one row of fasteners parallel to the grain direction, the effective characteristic load- 
carrying capacity parallel to the row, Fv,ef,Rk, should be taken as:  
 
Where：  
𝐹M.-`.~, is the effective characteristic load-carrying capacity of one row of fasteners parallel 
to the grain;  
𝑛-`, is the effective number of fasteners in line parallel to the grain; 
𝐹M.~, is the characteristic load-carrying capacity of each fastener parallel to the grain.  
For one row of n bolts parallel to the grain direction, the load-carrying capacity parallel to 
grain, see 8.1.2(4), should be calculated using the effective number of bolts is:  
 
where: 
a1 is the spacing between bolts in the grain direction; d is the bolt diameter 
n is the number of bolts in the row.  
For loads perpendicular to grain, the effective number of fasteners should be taken as  
𝑛-` = 𝑛 
The design value of a resistance shall be calculated as: 
 
𝑘H70, is the modification factor taking into account the effect of the duration of load and 
moisture content. 
At last, if a fastener is submitted to both axial and lateral force, it shall meet the following 
expression: 
 
Moreover, the resistance of steel plate and the capacity of the fasteners itself shall also be 
verified in accordance with EC 1993. 
 






1)loaded end; 2) Unloaded end; 3) Loaded edge; 4) Unloaded edge 
a is the angle between the force and the grain direction.  
 
Figure - 56 Spacing and edge distance definition(EN 1995-1-1) 
 
Meanwhile, the fasteners disposition shall also satisfy the set structural requirements in 
Eurocode 1993 for steel plate. 
Thus, in case of a parameter is regulated both in Eurocode 3 and Eurocode 5, the critical 













For bolted joint: 
 
 
Table - 36 Minimum values of spacing and edge distance of bolts (EN 1995-1-1) 
 
 
For doweled joint: 
 
Table - 37 Minimum values of spacing and edge distance of doweled joint (EN 1995-1-1) 
 
For screwed joint: 
In case of screwed joint, the structural requirement varies in lateral loaded and axial loaded 
case. 
For laterally loaded screws, the effect of the threaded part of the screw shall be taken into 
account in determining the load-carrying capacity, by using an effective diameter def. 
For smooth shank screws, where the outer thread diameter is equal to the shank diameter, 
the rules given in bolted joint apply, provided that: 1. The effective diameter is taken as the 
smooth shank diameter; 2. The smooth shank penetrates into the member containing the 
point of the screw by not less than 4d  
 
Figure - 58 Effective diameter of screws 
For axial loaded screws: Minimum spacings and end and edge distances for axially loaded 








4.3 Connection design  
 
As it mentioned before, for timber structure rigid or semi-rigid joints theoretically exist but 
hard to be accomplished in reality, so the connection design is based on the premise that all 
the wooden beams are simply supported. i.e. all the joints are only loaded in shear free of 
bending moment. 
 
There are 3 types of connection to be designed which are those to connect secondary beam 
to primary beam, beam x to column and beam y to column, realized by a joint consists of 
bolted angular cover cap to be seen in the following figure. Such joint is composed by two L 
– welded parts: the bolted part at the end of the supported piece and another 





Figure - 59  Joint scheme by means of bolted angular cover cap 
 
The supported members, as well as the supporting beam x of secondary beam to primary 
beam joint, are bolted by two exterior thin plates (2 shear planes )  whose thickness is less 
than or equal to 0.5d so as to guarantee the rotation capacity at beam ends,  while the 
supporting column receives the resulting shear force by means of one steel plate (1 shear 
plane)  fastened by screws. These two perpendicular plates are connected by welding. It 
shall keep in mind that the thickness of components to be welded should not differ 
considerably otherwise it would result in defected welding and lead to insufficient 
resistance. 
 
The selection of bolts and screws has consulted the catalogs provided by fabricants. In 
terms of the steel plate dimension design, it should take not only the resistance but also the 
constructive requirements for fasteners disposition into account. 
 
The detailed calculation and verification process are given in the annex whereas here only 
presents the final design. 
 





Figure - 60 Secondary beam to beam x connection in 3d 
 
 






















































































































































5 Concrete Connection  
 
Reinforcement concrete is the most universally used material in construction industry 
whose mechanical properties and behaviors under loading are well acknowledged, so the 
posterior content will skip the general introduction of such material and focus on the 
connection theory on basis of Eurocode 1992 4-1, for design of fastenings used in concrete, 
and of Eurocode 1992 4-4,  specialized in post-installed fasteners in mechanical systems. 
 
5.1 Introduction  
 
The concrete joints according to their installation process can be distinguished into cast-in 
fasteners and post- installed anchor, which can be installed in any position of hardened 
concrete after drilling operation. 
 
 
Figure - 66 Different types of fasteners (Eurocode 1992 4-1: General, 2008) 
 
In fastening group, the loads are applied to the individual fasteners, normally are of the 
same size and of the type, of the group by means of common fixture and the fasteners 





Indices 1: in direction of shear load; 2: perpendicular to the shear load 
a), Fastenings subjected to tension load 
b), Fastenings subjected to shear load in case of near the edge (𝑐1, 𝑐2 < 10ℎ-`	𝑜𝑟	𝑐1, 𝑐2 <
60𝑑K7H,) 
 
Figure - 67 Definitions related to concrete member dimension, fasteners spacing and edge 
distance(Eligehausen and Fuchs 2009) 
 
 
5.2 Partial factors for resistance 
 
Partial factor for steel: 
 









Partial factor for concrete: 
 
The partial factor 𝛾JL  covers concrete break-out failure (cone failure, blow-out failure, pry-
out failure and edge failure), the partial factor 𝛾Jba covers splitting failure. 
 




𝛾L, partial factor for concrete under compression, equal to 1.5 
 
𝛾LWKb., partial factor taking into account installation safety of the fastening system 
For post-installed fasteners the following values are given: 
Tension loading:  
 
Shear loading:  
 
 
Some constructive specifications that will affect the load-bearing capacity shall be 
determined in advanced. For instance, whether the concrete is crack or not, since each 
condition corresponds to distinct factor. 
 





5.3 Shear loads 
The loading on the fastener resulting from the actions on the fixture (e.g. tension, shear, 
bending or torsion moments or any combination) will generally be axial tension and/or 
shear. When the shear force is applied with a lever arm a bending moment on the fastener 
will arise.  
Shear loads acting on the fastenings may be assumed to act without a lever arm if all the 
following conditions are fulfilled: 
1) The fixture must be made of metal and in the area of the fastening be fixed directly to 
the concrete without an intermediate layer or with a levelling layer of mortar with 
compressive strength ≥	30Mpa and a thickness ≤ 𝑑/2.  
2) The fixture is in contact with the fastener over a length ≥	0.5𝑡 W, see figure below. 
3) The diameter of the hole is not greater than the value given in table below line 2. 
 
Figure - 68 Bearing area of a fastener (Eligehausen and Fuchs 2009) 
 
 
5.3.1 Modes of failure 
 
There are three modes of failure under shear loading, a) steel failure, b) concrete edge 
failure and c) concrete pry-out failure given in following figure. 
 
Figure - 69 Failure modes under shear loading-(Eurocode 1992 4-1: General 2008) 
 
 
5.3.2 Distribution of loads 
  
The loads distribution depends on the effectiveness of fasteners, based on the assumption 
that the diameter in the hole of the fixture is not larger than the value df in table below, 
indicates the fasteners are capable of carrying loads, two following cases are distinguished: 
1) All fasteners are considered to be effective if the fastening is located far from the edge, 
𝑐1, 𝑐2 > 10ℎ-`	𝑜𝑟	𝑐1, 𝑐2 > 60𝑑K7H, and if fastener steel or concrete pry-out are the 
governing failure modes;  
2) Only fasteners closest to the edge are assumed to be effective if the fastening is located 
close to the edge, 𝑐1, 𝑐2 < 10ℎ-`	𝑜𝑟	𝑐1, 𝑐2 < 60𝑑K7H, and concrete edge failure 
governs. 
 




Figure - 70 Determination of shear loads when all fasteners are effective that steel and pry-out 





Figure - 71 Only anchors closest to the edge take up the forces that concrete edge failure governs 
(Eurocode 1992 4-1: General 2008) 
Note In case of fastener groups where only the fasteners closest to the edge are effective 
the component of the load acting perpendicular to the edge is taken up by the fasteners 
closest to the edge, while the components of the load acting parallel to the edge– due to 
reasons of equilibrium – are equally distributed to all fasteners of the group (c) 
 
 
5.3.3 Resistance  
 
Required verifications are summarized in the following table: 
 
 
Table - 40 Required verification for post-installation fasteners in shear 
(Eligehausen and Fuchs 2009) 
 
1) Steel failure 
 
For shear load without lever arm: 
For post-installed fasteners, the characteristic resistance of a fastener in case of steel failure 
VRk,s is given in the relevant European Technical Specification. The strength calculations are 
based on fuk . In case of groups with fasteners with a hole clearance the diameter in the 
hole of the fixture is not larger than the value df given in 1992-4-1. This characteristic shear 
resistance should be multiplied with the factor k2. The factor k2 is given in the relevant 
European Technical Specification.  
 
For shear load with lever arm: 
For a fastener not threaded to a steel plate the characteristic resistance in case of steel 




the characteristic bending resistance of a single post-installed fastener M0 are given in the 
relevant European Technical Specification.  
 
2) Concrete pry-out failure 
 
Fastenings may fail due to a concrete pry-out failure at the side opposite to load direction. 
The corresponding characteristic resistance VRk,cp may be calculated from Equation (16).  
 
with  
𝑘e, factor to be taken from the relevant European Technical Specification 
 
NOTE,  individual shear loads may alter. In the example of Figure 5 the shear loads acting on 
the individual anchors neutralise each other and the shear load acting on the entire group is 
VEd = 0. Then verification of pry-out failure for the entire group according to above 
equation is substituted by the verification of the most unfavourable anchor.  
 
Figure - 72 Group of two fasteners loaded in torsion moment 
 
3) Concrete edge failure 
The following conditions shall be observed:  
⎯  For single fasteners and groups with not more than 4 fasteners and an edge distance in all 
directions c > 10 hef or c > 60 d, a check of the characteristic concrete edge failure 
resistance may be omitted. The smaller value is decisive.  
⎯  For fastenings with more than one edge (see Figure below), the resistances for all edges 
shall be calculated. The smallest value is decisive.  
⎯  For groups with fasteners arranged perpendicular to the edge and loaded parallel to the 
edge  
 
Characteristic shear resistance VRk,c  
The characteristic resistance of a fastener or a fastener group corresponds to:  
 
Where： 
The initial value of the characteristic resistance of a post-installed fastener loaded 




The geometrical effect of spacing as well as of further edge distances and the effect of 
thickness of the concrete member on the characteristic resistance is taken into account by 
the ratio Ac, V / A0 c, V 
A0 c, V = 4.5 c 1
2 
A0 c, V，area of the idealized concrete break-out, limited by the overlapping concrete cones 
of adjacent fasteners (s < 3 c1) as well as by edges parallel to the assumed loading direction 
(c2 < 1,5 c1) and by member thickness (h < 1,5 c1).  
 
Figure - 73 actual areas Ac, V of the idealized concrete break-out bodies for different fastener 
arrangements under shear loading (Eligehausen & Fuchs, 2009) 
The factor 𝜓b.takes account of the disturbance of the distribution of stresses in the 
concrete due to further edges of the concrete member on the shear resistance. For 
fastenings with two edges parallel to the direction of loading  
 
The factor 𝜓.takes account of the fact that the concrete edge resistance does not 
decrease proportionally to the member thickness as assumed by the ratio Ac, V / A0 c, V 
 
The factor 𝜓-L.takes account into a group effect when different shear loads are acting on 
the individual fasteners of a group: 
 
With eV eccentricity of the resulting shear load acting on the fasteners relative to the centre 
of gravity of the fasteners loaded in shear  
The factor 𝜓_.   takes into account the angle 𝑎.  between the load applied VEd and the 
direction perpendicular to the free edge for the calculation of the concrete edge resistance.  
 
The factor 𝜓1-.   takes account of the effect of the position of the fastening in cracked or 
non-cracked concrete or of the type of reinforcement on the edge.  
𝜓1-. = 1.0  fastening in cracked concrete without edge reinforcement or stirrups  
𝜓1-. = 1.2  fastening in cracked concrete with straight edge reinforcement (> Ø 12 mm)  
𝜓1-. = 1.4  fastening in cracked concrete with edge reinforcement and closely spaced 





5.4 Axial loads 
The loading on the fastener resulting from the actions on the fixture (e.g. tension, shear, 
bending or torsion moments or any combination thereof) will generally be axial tension 
and/or shear. When the shear force is applied with a lever arm a bending moment on the 
fastener will arise. Any axial compression on the fixture should be transmitted to the 
concrete either without acting on the fastener or via fasteners suitable for resisting 
compression. 
 
a), b) fasteners not loaded in compression: a), the compression force is transferred by 
fixture and b) by washer; c), fasteners loaded in compression 
 
Figure - 74 Example of fasteners loaded by a bending moment and a compression force(Eueocode 
1992 4-1: General 2008) 
 
 






a1) pull-out failure; a2) pull-out failure (bond failure); 
b1), b2), b3), concrete cone failures; b4) concrete blow-out failure 
c) splitting failure; d) steel failure 
 






5.4.2 Resistance  
 
Required verifications are summarized in the following table on the basis of Eurocode 1992 





Table - 41 Required verification for post-installation fasteners loaded in tension 
 (Eligehausen and Fuchs 2009) 
 
 
a) Steel failure 
 
The characteristic resistance of a fastener in case of steel failure NRk,s is given in the 
relevant European Technical Specification. The strength calculations are based on fuk.  
 
b) Pull-out failure 
The characteristic resistance in case of pull-out failure NRk,p is given in the relevant 
European Technical Specification.  
c) Concrete cone failure 
The characteristic resistance of a fastener, a group of fasteners and the tensioned fasteners 
of a group of fasteners in case of concrete cone failure may be obtained by equation below  
 
For cracked concrete, the characteristic resistance of a single fastener placed in cracked concrete 
and not influenced by adjacent fasteners or edges of the concrete member is obtained by:  
 
Where: 
𝑘L1, factor to take into account the influence of load transfer mechanisms for applications in 
cracked concrete, the actual value is given in the corresponding European Technical 
Specification.  
𝑓L.Ll-, characteristic cube strength of the concrete strength class but noting the 
limitations given in the relevant European Technical Specification.  
ℎ-`, [mm], the actual value is given in the corresponding European Technical Specification.  
For uncracked concrete, the characteristic resistance of a single fastener placed in cracked 
concrete and not influenced by adjacent fasteners or edges of the concrete member is 
obtained by:  
 
With 𝑘L1, factor to take into account the influence of load transfer mechanisms for 
applications in uncracked concrete, the actual value is given in the corresponding European 
Technical Specification.  
The geometric effect of axial spacings and edge distances on the characteristic resistance is 
taken into account by the value:  
 
where: 
𝐴L,,	actual area, limited by overlapping concrete cones of adjacent fasteners (s < scr,N) ,as 
well as by edges of the concrete member (c < ccr,N).  
𝐴L,P , = reference projected area, see figure below 
 
 
Figure - 76 Idealized concrete cone and area 𝐴L.P 	of concrete cone of an individual fastener 
 
The shell spalling factor 𝜓1-.takes account of the effect of a dense reinforcement for 
embedment depths hef < 100 mm:  
The factor 𝜓-L. takes account of a group effect when different tension loads are acting on 
the individual fasteners of a group.  
 
d) Splitting failure 
Splitting failure due to fasteners installation: 
Splitting failure is avoided during fastener installation by complying with minimum values 
for edge distance cmin, spacing smin, member thickness hmin and requirements on 
reinforcement as given in the relevant European Technical Specification.  






5.5  Concrete column connection design 
 
The timber beam to concrete column connection adopts the same scheme as that of timber 
column case by means of bolted angular cover cap. The idea is that keep the beam end 
bolted part as original so that only have to redesign the screwed column face portion. 
 
The selection of fasteners has consulted the catalogs provided by fabricant Hilti. The steel 
plate design should take not only the resistance but also the constructive requirement for 
fasteners disposition, regulated in Eurocode 1992 4-4, into account. 
 
The detailed calculation and verification process are given in the annex whilst here only 
presents the final design. 
 






















Figure - 79 Beam x to concrete column connection in 3d 
 
 
























































6 Metallic Connection  
 
Steel is also a universally used material in construction industry whose mechanical 
properties and behaviors in service are well acknowledged, so the posterior content will skip 
the general introduction of such material and focus on the connection theory on basis of 
Eurocode 1993 1-8. 
 
 
6.1 Introduction  
 
A connection is inherently a discontinuity, and therefore, a potentially dangerous area. 
 
Two types of connection are distinguished based on their form: bolted connection and 
welded connection. Welded connection will preferably be performed at workshops in that 
the production process is complicated and the welding quality is strongly influenced by the 
environment of work place, while bolted connection is a suitable form to be done in situ. 
 








6.2 Stiffness of connections  
 
On basis of moment- rotation diagram, determined by the relation between the applied 
moment and the allowing relative rotation between the parts to be jointed that normally 
obtained by tests or numerical methods which consider the non-linearity of material, three 
types of connection are distinguished: pinned joints, full-strength joints and partial- strength 
joints. 
 
Pinned joints: connections that are capable of transmitting internal forces without 
developing significant moments (over 25% of the ultimate moment of the members to be 
joined) which might adversely affect the members or the structure as a whole. Such joint 
may be modelled using nominally pinned connections that don’t transmit bending moment. 
 
Rigid joints: joints classified as rigid may be assumed to have sufficient rotation stiffness to 
justify analysis based on full continuity, thus can be modelled as a continuous node and in 
this case the moment-rotation characteristic for the joint doesn’t need to be included. 
Semi-rigid joints: joints that don’t meet the criteria for rigid joints nor pinned joints are 
classified as a semi-rigid joint, the stiffness of the joint Sj, associated to the moment Mj,Ed 
(defined by its moment-rotation diagram), must be used in the global analysis to determine 
the forces in the structure.  
 
  
Figure - 81 Behaviors for different types of joint under bending(Camins 2017) 
 
Pinned joints, should fulfill the following condition: 
 
Rigid joints, whose initial stiffness in their moment-rotation characteristic complies with the 
condition below shall be placed in this category:  
 
where k shall be 8 if the beam is part of a non-sway portal frame, or 25 if it is part of a sway 
portal frame.  
Semi-rigid joints, the following criteria applies shall also be classified as semi-rigid:  
 
where Kb is the average value of Ib/Lb for all of the beams at the top of the storey and Kc is 





6.3 Welded joints  
Welded connection has many advantages comparing to bolted joint such as less space 
needed, easier to design, as strong as the connected members and a great variety of 
available types of welded connections to any design. The majority of welding shall be done 
at workshop whereas as few as possible in situ. 
6.3.1 Introduction  
In order to join two pieces by welding, filler material is needed to be melt within the edges 
of both pieces to be connected. The filler material should have the mechanical properties, 
yield strength and tensile strength no lower than the base material. Standardized welding 
processes must be followed in order to evite welding errors (pores, lack of fusion) that 
advance gradually and might eventually lead to brittle failures. 
 
Figure - 82 Components of a welded joint(Camins 2017) 
In accordance with the relative position of the parts to be joined, connections can be 
distinguished into Butt joints (in prolongation), T joints and lap joints. Meanwhile on basis of 
the penetration depth of the weld with respect to the thickness of the connected parts, the 
welds can be also classified into fillet welds and butt welds, which can be further 
categorized into full penetration butt welds and partial penetration welds. 
In full penetration butt welds, the added material takes up the full thickness of the parts to 
be joined with no defects, and the strength of such weld, without defeats, is equal or 
greater than the adjacent parent metal, so it does not need to be calculated.  
The strength of a partial-penetration butt weld without defects is equal to the one of a 
chord angle with the same throat thickness and must be checked according to the above for 
determining the resistance of welded chords in angle. (Camins 2017) 
 
6.3.2 Design resistance of a fillet weld 
 
Effective throat thickness：  
The effective length of a fillet weld 𝑙-`` should be taken as the length over which the fillet is 
full-size. This may be taken as the overall length of the weld reduced by twice the effective 
throat thickness a. Provided that the weld is full size throughout its length including starts 
and terminations, no reduction in effective length need be made for either the start or the 
termination of the weld.  
A fillet weld with an effective length less than 30 mm or less than 6 times its throat 
thickness, whichever is larger, should not be designed to carry load.  
 
Effective throat thickness：  
 
 In weld chords, a throat thickness is defined as the height of largest triangle that can be 




Figure - 83 Throat thickness definition(Camins 2017) 
Fillet welds may be used for connecting parts where the fusion faces form an angle of 
between 60° and 120°, which is the case. Angles smaller than 60° are also permitted. 
However, in such cases the weld should be considered to be a partial penetration butt weld. 
For angles than l20° the resistance of fillet welds should be determined by testing.(Eurocode 
1993 1-8 2011) 
Except for tubular hollow sections or sections not accessible in drawer shape, the throat 
thickness a of a weld seam in angle shall not exceed 0.7 t min, being t min the thickness of 
the thinnest part to be joined.  
The throat thickness a of a fillet weld in angle should not be less than 3 mm when deposited 
on sheets up to 10 mm thick, or less than 4.5 mm when deposited on members up to 20 
mm thick or less than 5.6 mm when deposited on pieces of more than 20 mm thick, unless 
the welding process contemplates throat thicknesses to be lower. (Camins 2017) 
 
Design method: 
The design resistance of a fillet weld should be determined using either the Directional 
method or the Simplified method, here will only presents the directional method.  
Directional method is defined in Eurocode 1993 1-8 to determine the weld resistance 






fu = tensile strength of the parts to be welded  
𝛾H^ = 1.25， partial factor 
βw=correlation factor  
 
Table - 43 Correction factor 
By applying the abovementioned method, a uniform distribution of stress is assumed on the 
throat section of the weld, leading to the normal stresses and shear stresses shown in the 
following figure： 
 
Figure - 84 stress on the throat section of a fillet weld(Eurocode 1993 1-8 2011) 
Where: 
𝜎, the normal stress perpendicular to the throat 
𝜎∥,	the normal stress parallel to the axis of the weld 
𝜏, the shear stress (in the plane of the throat) perpendicular to the axis of the weld 
𝜏∥,shear stress (in the plane of the throat) parallel to the axis of the weld.  
 
6.3.3 Design resistance of a butt weld 
 
Full penetration butt weld: 
The design resistance of a full penetration butt weld should be taken as equal to the design 
resistance of the weaker of the parts connected, provided that the weld is made with a 
suitable consumable which will produce all-weld tensile specimens having both a minimum 
yield strength and a minimum tensile strength not less than those specified for the parent 
metal.  
Partial penetration butt weld: 
The design resistance of a partial penetration butt weld should be determined using the 
method for a deep penetration fillet weld. 
And the throat thickness of a partial penetration butt weld should not be greater than the 
depth of penetration that can be consistently achieved. 
 
 
6.4 Bolted joints  
 
6.4.1 Introduction  
 
Standard bolts diameters vary in 12, 14, 16, 20, 22, 24, 27mm, and the standard diameter of 
holes shall be the diameter of the shank of the bolt plus:1 mm for bolts with a diameter of 
12 and 14 mm, 1 or 2 mm for bolts with a diameter of 16 to 24 mm, 2 or 3 mm for bolts with 
a diameter of 27 mm or more.  
 
Bolts are also distinguished in 5 classes by their resistance, amongst them bolts of class 8.8 




Table - 44 Nominal value of yield strength and ultimate tensile strength for bolts 
 
 
Regarding to the bolts disposition, limited values of spacing and edge distance are regulated 




Figure - 85 Parameters definition for fasteners disposition 
 
 
Table - 45 Minimum and maximum spacing and edge distance(Eurocode 1993 1-8 2011) 
 
 
Category of bolted joints  
For bolted connections loaded in shear should be designed as one of the following:  
a) Category A: Bearing type 
In this category bolts from class 4.6 up to and including class 10.9 should be used. No 
preloading and special provisions for contact surfaces are required. The design ultimate 
shear load should not exceed the design shear resistance nor the design bearing resistance.  
b) Category B: Slip-resistant at serviceability limit state 
In this category preloaded bolts) should be used. Slip should not occur at the serviceability 
limit state. The design serviceability shear load should not exceed the design slip resistance. 
The design ultimate shear load should not exceed the design shear resistance nor the design 
bearing resistance  
c) Category C: Slip-resistant at ultimate limit state 
In this category preloaded bolts should be used. Slip should not occur at the ultimate limit 
state. The design ultimate shear load should not exceed the design slip nor the design 
bearing resistance. In addition, for a connection in tension, the design plastic resistance of 
the net cross-section at bolt holes should be checked, at the ultimate limit state.  
For bolted connection loaded in tension should be designed as one of the following:  
a) Category D: non-preloaded in this category bolts from class 4.6 up to and including class 
10.9 should be used. No preloading is required. This category should not be used where the 
connections are frequently subjected to variations of tensile loading. However, they may be 
used in connections designed to resist normal wind loads.  
b) Category E: preloaded in this category preloaded 8.8 and 10.9 bolts with controlled 
tightening in conformity should be used.  
The essential checks for different type of connections are summarized in the following table: 
 




6.4.2 Fastener resistance  
 
The resistance of a joint should be determined on the basis of the resistances of its basic 
components. For individual fastener loaded in shear, its shear strength and bearing strength 
shall be verified, whilst when it is loaded in tension, tensile resistance and punching shear 
resistance should be checked. When the fastener is subjected to shear and tension 
simultaneously, an interaction shall be verified. 
 
 










Table - 47 table design resistance for individual fastener in shear and/or in tension 






6.5 Fin plate 
 
A fin plate connection consists of a length of plate welded in the workshop to the 
supporting member, to which the supported piece is bolted on site, as shown in the figure 
below. Fin plate connections are popular because they are the quickest connections to erect 
and are able to overcome the problem of shared bolts in two-sided connections. 
 
 
Figure - 87 Example of beam to beam connection with long fin plate 
 
Fin plate is usually recognized as a typical type of pinned joint, another representative one is 
flexible end plate, which can only transmit shear force and has negligible resistance to 
rotation. Such plates derive their in-plane rotation capacity from the bolt deformation in 
shear and from hole distortion in the plate. 
 
When design a fin plate connection it is important to identify the appropriate line of action 
for the shear. There are two possibilities: either the shear acts at the face of the column or it 
acts along the center of the bolt group connecting the fin plate to the supported member. 
For this reason, both critical sections should be checked for a minimum moment taken as 
the product of the vertical shear and the distance between the face of the parent piece and 
the center of the bolt group. Both critical sections are then checked for the resulting 
moment combined with the vertical shear.(BCSA/SCI Connections Group 2011) 
 
In summary, two things shall be verified for fin plate connection: the resistance of weld, 
normally are fillet welds, and of steel plate under shear and bending moment resulted from 
abovementioned eccentricity. 
 
Some recommendations that follow stablish details that are intended to deliver necessary 
flexibility and rotational capacity for joints to behave as nominal pinned joint: 
1) The fin plate is positioned close to the top flange and the depth should be greater than 
0.6 depth of the beam in order to provide positional restraint. 
2) Thickness of the plate or web shall less than 0.42d for S 355 and less than 0.5d for S 275. 
3) Class 8.8 bolts shall be used, not prestressed. 
4) All edge distance shall at least 2d. 




6.6 Steel column connection design 
 
On the one hand, according to the timber theory, a simply supported wooden beam can be 
realized by bolting two lateral thin plates at their ends. On the other hand, for metallic 
structure a simple connection can be achieved by the application of welded fin plate.  Thus, 
an inspiration comes out by combining the 2 previous mentioned ideas which consists of 
remaining the bolted beam end portion as original and connecting beam y to the column 
web whilst beam x to the column flange by welding the two exterior bolted fin plates to the 
correspondent parts. 
 
When design a fin plate, it is essential to think about and facilitate the in-site execution of 
bolted joint, especially when the plate is going to be welded to the web, apart from the 
consideration of resistance and of constructive requisite for fasteners disposition. The plates 
can be elongated for constructive sake if it is necessary. 
 
The explicit calculation and verification process are given in the annex whereas here only 
presents the final design. 
 














































3 models share the same CLT slab - beam system and what varies the cost is the column 
itself and the beam to column connections. 
 
A simplified budget is made by only taking into account the essential cost for structural 
elements construction including slabs, beams, columns and connections free from any 
consideration of architectural aspects. 
 
The unit prices, detailed information will show in the annex, of timber beams and concrete 
columns are based on volume, CLT slab panel on area, whilst steel plates and metallic 
column on kg. In addition, the connection cost has encompassed the cost of fasteners and 
fixture.  
 
Such prices are derived from the website www.generadordeprecios.info based on Spanish 
market in EURO. 
 
7.1 Model 1 of timber column 
 
Elements Material V (m3) Unit Price Subtotal Total 
Slab CLT 24 2160 105.18 227188.8 
2708631.81 
2nd beam Glulam 926.64 1300.5 1205095.32 
Beam x  Glulam 372 1280.49 476342.28 
Beam y  Glulam 166.32 1300.5 216299.16 
T.Column GL32h 506.25 1153 583706.25 
Conenction Steel 59667.68 12.47 744055.9806 744055.9806 
      
    Total Price 3452687.79 
 
Table - 48 Budget of model 1 
7.2 Model 2 of concrete column  
 
Members Material V (m3) Unit Price Subtotal Total 
slab CLT 24 2160 105.18 227188.8 
2268851.07 
2nd beam Glulam 926.64 1300.5 1205095.32 
Beam x  Glulam 372 1280.49 476342.28 
Beam y  Glulam 166.32 1300.5 216299.16 
C.Column C 40 428.49 335.89 143925.50 
Connection T-T 11984.49 12.47 149446.56 414207.94 
(kg) T-C 15696.07 16.868 264761.37 
      
    Total Price 2683059.01 
 
Table - 49 Budget of model 2 
 
7.3 Model 3 of steel column  
 
Elements Material V (m3) Unit Price Subtotal Total 
Slab CLT 24 2160 105.18 227188.8 
2483833.11 
2nd beam Glulam 926.64 1300.5 1205095.32 
Beam x Glulam 372 1280.49 476342.28 
Beam y Glulam 166.32 1300.5 216299.16 
S.Column HHEB500 203924.74 1.76 358907.55 
Connection(kg) Steel 19451.52 12.47 242560.45 242560.45 
     
 
    Total Price 2726393.56 
 
Table - 50 Budget of model 3 
 
 
7.4 Comparison of budget  
 
As mentioned before, 3 models share the same CLT slab - beam system and what varies the 
cost is the column itself and beam to column connections. Therefore, these two 
components cost have been extracted particularly: 
 
 
Price in Euro Elements Column  Connection Total 
Model 1 2708631.81 583706.25 744055.98 3452687.79 
Model 2 2268851.066 143925.51 414207.94 2683059.01 
Model 3 2483833.111 358907.55 242560.45 2726393.56 
 
Table - 51 Budget comparison of 3 models 
 
 
Proportion Joints Columns 
Model 1 21.55% 16.91% 
Model 2 15.44% 5.36% 
Model 3 8.90% 13.16% 
 




Figure - 90 Cost comparison of 3 model 
 
The tables and figure above have summarized the budget of each model and further 
distinguished them into 3 segments: elements cost, column cost and connection cost. 

























8.1 General conclusions 
 
1) Mechanical properties: 
 
Both concrete and timber are anisotropic material, which implies that their physical and 
mechanical properties are dependent, while steel, as an isotropic material, performs 
uniformly.  
 
Concrete is acknowledged to be strong in compression but weak in tension, and the use 
of reinforcement perfectly compensates this vulnerability. By contrast, the resistances of 
timber not only differ in compression and tension, but also vary in accordance with fiber 
direction: it is strong and stiff in the fiber direction but has relatively weak compressive 
strength and almost null tensile strength in the perpendicular orientation of the grain. 
This feature affects the connection design as well provided that the load direction and 
bolts are distributed parallel to the grain, the effective number of fasteners will reduce.  
 
Columns Tensile Strength Compre. Strength 
Density 
fc/weight 
0 90 0 90 (kg/m3) 
Timber Gl32h 19.5 0.5 26.5 3 410 0.0646 
Concrete C40 3.51 40 2500 0.0160 
Steel S 450 450 450 7850 0.0573 
 
Table - 53 Mechanical properties comparison of different material for column 
 
It can be noticed from the table above that the steel is the most resistant material 
beyond doubts for its compressive strength which is nearly 17 times as much as that of 
timber and 11 times of concrete, despite of the fact that it is also the heaviest one that 
possess a density of 7850kg/m3. By contrast, timber has the lowest compressive 
strength of 26.5 Mpa parallel to the grain direction, which normally is the case, and the 
least density of 410kg/m3 at the same time, while concrete performs moderately in all 
aspects.  
 
Furthermore, regarding to the comparison of three different column schemes, for which 
the compression dominants, the compressive strength - weight ratio can commendably 
demonstrate the efficiency of materials. We could observe that such abovementioned 
ratio of timber is 0.065, 0.016 for concrete and 0.057 for steel. Thus, it can be concluded 
that timber is the most efficient material amongst three. 
 
2) Referring to the chapter 3.5.2, results of different column schemes, the Model 3 (steel 
composite structure) is in possession of the largest inter-storey drift of 10.7 cm 
comparing to 3.1 cm of model 1 and 0.3 cm of model 2 under seismic combination.  
 
Though this drift is literally allowable, yet it is at the edge of surpassing the limited value 
of 10.8 cm. Such phenomenon can be ameliorated through the arrangement of concrete 
walls around the elevator by which the structure can be stiffened laterally. 
 
Hereby, a conclusion can be drawn that the concrete composite structure provides the 
best lateral stability, followed by pure timber structure, and the metallic composite one 
performs worst. 
 
Drift (cm) Model 1 Model 2 Model 3 
3rd Floor 3.1 0.3 10.7 
2nt Floor 2.5 0.2 8.4 
1st Floor 1.1 0.1 3.9 
 
Table - 54 Drift comparison of 3 models 
 
3) In line with chapter 3.5, results of modelling, we can also notice that for all timber 
structural elements (slabs, beams, and columns), the dominant case is the fire 
combination. i.e. The global utilization ratio is hinged on their fire resistance. 
 
4) From the perspective of fire resistance, both steel and timber are vulnerable in fire, 
hence additional and appropriate proofing treatments are quite essential, while 
concrete has good performance in such situation.  
 
Generally, the fire proof schemes for timber structure consists of either the application 
of insulated material on the surface of the member, such as plaster, or over-dimension 
the pieces or combined both. By comparison, for metallic structure the required fire 
resistance can be achieve by applying some intumescent substances, in some cases the 
coating could be concrete. 
 
5) The utilization ratio of  timber column, which is merely 10%, is much lower than that of 
concrete and of steel for two reasons: Firstly, an over-dimension 𝑑-`` = 40.5𝑚𝑚 on 4 
sides is obligatory in order to meet a required fire resistance of R-90; Secondly, the cross 
section has been enlarged to satisfy the fasteners disposition. 
 
6) Referring to the Chapter 7, Budgets, it can be observed that the model 2, concrete 
composite structure, is the most economical alternative with a total price of 
2,683,059.01 Euros, followed by model 3 with a slightly higher cost of 2,726,393.56 
Euros, whilst the model 1, pure timber structure, ranks last with the maximum amount 
of 3,452,687.79 Euros for two reasons: 
 
On the one hand, in terms of the vertical member cost itself, the subtotal price of timber 
columns (Model 1) is 583,706.25 Euro, which is nearly 5 times as much as that of 
concrete (Model 2) and 1.7 times of steel (Model 3) owing to the comparatively high 
unit price of 1153Euros/m3. 
 
On the other hand, model 1 also possesses the upmost connection expense of 
744,055.98 Euro, which is approximately 1.8 times greater than that of model 2 and 3 
times of model 3.  
 
7) Regarding to the construction process, both steel and timber structures are not time-
consuming for the major work to be done in workshop, whilst concrete normally is cast 
in-situ which tends to be more labor and time intensive, however it is more flexible in 




8.2 Specific conclusions about connection 
 
The proposed large span building provides unobstructed and column-free spaces at the 
expense of big magnitude of shear force at beam ends. To be more explicit, a shear force of 
1519.26 KN has to be resisted adequately at the beam x to column connection, and it is the 
major problem that we faced when it comes to joint design. 
 
1) In general, though vary according to the materials, bolted connections have to fulfill a 
lot of parameters, such as separation and edge distance, regulated for an appropriate 
fasteners disposition in order to prevent certain failures, thus sufficient joint space is 
considerably critical. The larger the forces act in a joint, as a typical feature of large span 
structure, the more fasteners and consequently more spaces will be needed for the 
installation. Even in some peculiar cases the cross section of bearing member is 
dependent on the joint size rather than the resistance. From this point of view, the 
model 3, the metallic column alternative, possesses an irreplaceable advantage thanks 
to that the steel can be joined by welding, thus no extra bolts and steel plates required, 
while timber and concrete pieces can only be connected by fasteners. 
 
2) In term of comparison of screwed connection design, in order to resist the same shear 
force, timber column needs fairly more screws than what concrete column does, since 
the effective number of fasteners is considerably less than how they really are along the 
fiber direction. The more screws exist in one row in the grain direction, the smaller the 
ratio between effective fasteners and existing fasteners will be.  And this phenomenon is 
inevitable. 
 
On the other hand, although concrete connection also has fasteners effectiveness issue, 
it can be prevented by satisfying a sufficient edge distance of 𝑐 ≥ 10ℎ`	𝑜𝑟	𝑐 ≥ 60𝑚𝑚 so 
that the shear force can be taken up equally by all fasteners. 
 
For instance, timber column requires 336 screws, whose effective number are only 
208.24, and a steel plate of 0.05m3 with a thickness of 40mm in a single joint to resist a 
shear force of 1519.26 KN.It is actually a bad scheme, though can resist adequately, not 
only for economic and aesthetic sake but also because a 40mm thick steel plate will 
definitely lead to imperfections derived from welding process, hence extra thermal 
treatments are necessary to remove those deficiency. By contrast, in concrete case it 
only requires 28 screws, which are all effective in transmitting loads, and a fixture of 
0.01 m3. Hence it would be concluded that concrete joint owns higher effectiveness than 
timber connection does. 
 
3) The joint effectiveness is also reflected in the budgets in an intuitionistic way that the 
connection cost is in an inverse proportion to the joint efficiency, deduced from the fact 
that the subtotal cost accounts for 21.55% of total price of Model 1, 15.44% of Model 2 
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10.1 Model 1 design  
 
There are 3 types of connection to be designed which are those to connect secondary beam 
to primary beam, beam x to column and beam y to column, realized by a joint scheme 
consists of bolted angular cover cap to be seen as follows. Such joint consists of two L – 
welded parts: the bolted part at the end of the supported piece and another perpendicular 
screwed part at the face of the parenting member.  
 
The supported members, as well as the supporting beam x of secondary beam to primary 
beam joint, are bolted by two exterior thin plates  whose thickness is less than or equal to 
0.5d so as to guarantee the rotation capacity at beam ends,  while the supporting column 
receives the resulting shear force by means of a steel plate fastened by screws. And these 
two perpendicular plates are connected by welding. It shall keep in mind the thickness of 
components to be welded should not differ considerably otherwise would result in defected 
welding and lead to insufficient resistance. 
 
The calculation is based on the premises that all the beams are simply supported, so that 
the joint shall only transmit properly the shear force. 
 
In addition, not only the steel plates’ gross section resistance under shear, bending and M-V 
interaction, which is the critical case, should be checked, but also the fastener’s shear and 
bearing capacity shall be verified on the basis of EN 1993 1-8. 
 




Figure - 91 Joint scheme by means of bolted angular cover cap 
 
The selection of fasteners has consulted the catalog provided by fabricant whose geometric 










Geometric and mechanical properties: 
 
Members  Dimension (mm)  
2nd. Beam 650*220 
Beam x  1250*310 
Beam y  1100*280 
Column 1250*1250 
 
Service class 1 
Force duration  Media  
kmod 0.8 
rm of Steel 1.1 
rm of Timber  1.3 
 
 
Material Gl 32 h CLT 40 Unit 
fc,90, k 2.5 2.9 Mpa 
fv. k 3.5 2.7 Mpa 
p.k 440 420 kg/m3 
 
 




Figure - 92 Enveloped shear force of secondary beam from Robot 
 
 
Figure – 93 Enveloped shear force of beam y from Robot 
 
 
Figure - 94 Enveloped shear force of bema x from Robot 
 
Design value of shear force  
Types Member Member  Vd (KN) 
1 2nd. Beam Beam x  97.57 
2 Beam y Column 200.32 




10.1.1 Secondary beam to beam x connection 
 




Secondary beam end： 
 
Bolts (Secondary Beam) 
Thin Plate t<= 0.5d 
Vd 97.57 KN 
Quality 8.8  - 
Length of Bolts 240 mm 
Thickness of Plate 7 mm 
t1 7 mm 
t2 220 mm 
Dia. Of bolt 14 mm 
Dia.de nut  56 mm 
fu,k 800 Mpa 





My.Rk 229162.808 N*mm 
α  90 Grade 
f h.0.k 29.618 Mpa 
f h.90.k  18.986 Mpa 
k 90 1.56  - 
 
 
For bolted connections, the rope effect is derived from the compressed washer under the 
nut, by which induces a localized compression when install. The contribution of rope effect, 












Failure Modes Rope effect Total Capacity 
29238.68 0 29238.68 15866.37 
12693.09 3173.27 15866.37 
 
 
Shear Plan 2 
Rd/Bolt (KN) 19.528 























Fasteners Disposition (mm) 
Parameter Designed Code Verification 
e1 30 28 OK 
a2(p2) 60 56 OK 
a4t 60 56 OK 
a3t,3c 100 98 OK 











Height of Plate 390 mm 
Width of Plate 







Steel plate resistance verification: 
 
The transferred shear force could act either on face of supporting member or at the center 
of fasteners group, thus the distance between them leads to a bending moment which is 
calculated as V*e. 
 
Therefore, the steel plate shall be checked under shear, resulting bending moment, as well 
as M-V interaction if it is the case.  
 
Plate (S 235)      
Member Beam y Unit      
fy 235 Mpa      






mm      
 
Vsd/Plate 48.785 KN 
Eccentricity 120 mm 
M 5.854 KNm 
 
 
Fy(N/mm2) 235 275 355 420 460 






7 = 55.714 < 72𝜀 = 72			𝐶𝑙𝑎𝑠𝑠	1	(𝑃𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊aN = 7 ∗ 390 ∗
390
4 = 266175	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 48.785 KN 
Vpl.rd 370.399 KN 
Ratio 0.132 < 0.5 
No M-V interaction needed 
 





1 = 63𝐾𝑁 ∗ 𝑚 
 
Plate Resistance in Bending 
Md 5.854 KNm 
Mrd 63 KNm 





Primary beam face： 
 
Bolts (Primary Beam) 
Thin Plate t<= 0.5d 
Vd 97.57 KN 
Quality 8.8 - 
Length of Bolts 360 mm 
Thickness of Plate 10 mm 
t1 10 mm 
t2 310 mm 
Dia. Of bolt 20 mm 
Dia.de arandela 80 Mm 
fu,k 800 Mpa 






Doble Shear (S-T-S) 
My.Rk 579280.928 N*mm 
α 90 Grade 
f h.0.k 27.552 Mpa 
f h.90.k 16.698 Mpa 












Johansen Equation (N) 
Failure Modes Rope Effect Total Capacity 
51764.364 0 51764.364 
28275.940 
22620.752 5655.188 28275.940 
 
 
Shear Plan 2 
Rd/Bolt (KN) 35 
N. /Side 3 
nef 3 
n/ Column 3 
Column 1 




Fasteners Disposition (mm) 
Parameter Designed Code Verification 
e1 45 40 OK 
a2(p2) 150 80 OK 
a4t1 90 80 OK 
a4t2 90 80 OK 











Height of Plate 390 mm 
Width of Plate 







Steel plate resistance verification: 
 
Plate (S 235)      
Member Beam x Unit      
fy 235 Mpa      






mm      
 
Vsd/Plate 48.785 KN 
Eccentricity 60 mm 






10 = 390 < 72𝜀 = 72			𝐶𝑙𝑎𝑠𝑠	1	(𝑃𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊aN = 10 ∗ 390 ∗
390
4 = 380250	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 48.785 KN 
Vpl.rd 529.142 KN 
Ratio 0.132 < 0.5 
No M-V interaction needed 
 





1 = 89𝐾𝑁 ∗ 𝑚 
 
Plate Resistance in Bending 
Md 2.927 KNm 
Mrd 89 KNm 




10.1.2 Beam y to timber column connection 
 
 Beam end (bolts): 
Thin plate t<=0.5d 
 
Mechanic Properties 
Vd 200.32 KN 
Quality 8.8 -  
Bolt Length 340 mm 
Thickness of Plate 9 mm 
t1 9 mm 
t2 280 mm 
Bolt diameter 18 mm 
Nut Diameter 72 mm 
fu,k 800 Mpa 
fy,k 640 Mpa 
 
 
Double Shear Planes 
My.Rk 37023.97 N*mm 
  90 degree 
f h.0.k 27.55 Mpa 
f h.90.k  16.70 Mpa 













Failure Modes Rope effect (<=25%) Capacity Fv.rk Unit 
43930.133 4780.023 4780.023 
43930.13 
23900.11 N 






Shear Plane 2 
Fv.rk/bolt (KN) 29.42 
N. de bolt 7 
nef 7 
Column 1 
Fv.rd (KN) 205.91 




Fasteners Disposition (mm) 
Parameter Designed Required Verification 
e1 40 36 OK 
a2 80 72 OK 
a4t 60 54 OK 
a3t,a3c 140 126 OK 











Height of Plate 580 mm 
Width of Plate 






Steel plate verification: 
 
Plate (S 235)      
Member Beam y Unit      
fy 235 Mpa      






mm      
 
Vsd/Plate 100.16 KN 
Gap 20 mm 
Eccentricity 160 mm 






9 = 64.44 < 72𝜀 = 72			𝐶𝑙𝑎𝑠𝑠	1	(𝑃𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊aN = 9 ∗ 580 ∗
580
4 = 420500	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 100.16 KN 
Vpl.rd 708.236 KN 
Ratio 0.141 < 0.5 
No M-V interaction needed 
 





1 = 98.817𝐾𝑁 ∗ 𝑚 
 
Plate Resistance in Bending 
Md 16.026 KNm 
Mrd 98.817 KNm 




Column face (Screws): 
 
Thick plate t=d 
 
Mechanic Properties 
Grade 8.8  - 
Length 180 mm 
Thickness of Plate 10 mm 
t1 10 mm 
t2 170 mm 
Diameter 10 mm 
fu.k 800 Mpa 
fy.k 720 Mpa 
 
 
Single Shear Planes 
My.Rk 95545.72 N*mm 
α  0 degree 
f h.0.k 32.47 Mpa 
f h.90.k 21.65 Mpa 
k 90 1.5  
 
 
For screws without nut, there is no rope effect produced.  
 
 Johansen Equation 
Failure Modes Capacity Unit 
3247.20 
3247.200 N 8802.32 
12811.15 
Fv.rd 1.998 KN 
 
 
Srews Disposition (M12) 
Column n/ Column nef/ Column row Capacity(KN) 
Left Side 10 6.55 8 104.664 
Right Side 10 6.55 8 104.664 
 
 
Shear Plane 1 
Fv.rk/Bolt (KN) 2.00 
N. de Bolts 160 
Fv.rd (KN) 209.33 




Fasteners Disposition (mm) 
Parameter Designed Required Verification 
a1(p1) 60 50 OK 
e1 20 20 OK 
a2(p2) 40 40 OK 











Height of Plate 580 mm 
Width of Plate 










Steel plate verification: 
 
Plate (S 235)      
Member Column Unit      
fy 235 Mpa      






mm      
 
Vsd/Plate 100.16 KN 
Gap 20 mm 
Eccentricity 180 mm 






10 = 58 < 72𝜀 = 72			𝐶𝑙𝑎𝑠𝑠	1	(𝑃𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊aN = 10 ∗ 580 ∗
580
4 = 841000	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 100.16 KN 
Vpl.rd 786.928 KN 
Ratio 0.127 < 0.5 
No M-V interaction needed 
 





1 = 198𝐾𝑁 ∗ 𝑚 
 
Plate Resistance in Bending 
Md 18.029 KNm 
Mrd 198 KNm 






10.1.3 Beam x to timber column connection 
 
Owing to the big magnitude of shear force, the column plate has to extend downward in 
order to obtain sufficient space to place the screws needed to resist the action. 
 




Vd 1519.26 KN 
Quality 8.8   
Bolt Length 360 mm 
Thinckness of Plate 10 mm 
t1 10 mm 
t2 310 mm 
Bolt diameter 20 mm 
Nut Diameter 80 mm 
fu,k 800 Mpa 
fy,k 640 Mpa 
 
 
Double Shear Planes 
My.Rk 37023.97 N*mm 
α 90 degree 
f h.0.k 27.55 Mpa 
f h.90.k 16.70 Mpa 

























Fax.rk/4 (N) 10927.2 
Shear Plane 2 
Fv.rk/bolt (KN) 34.80 
n/ Column 9 
Column 5 
N. de bolt 45 
nef 45 
Fv.rd (KN) 1566.05 




Fasteners Disposition (mm) 
Parameter Designed Required Verification 
e1 50 40 OK 
a2(p2) 90 80 OK 
a4t 70 60 OK 
a3t, a3c 140 140 OK 











Height of Plate 840 mm 
Width of Plate 








Steel plate resistance verification: 
 
 
Plate (S 355)      
Member Beam x Unit      
fy 355 Mpa      






mm      
 
Vsd/Plate 759.63 KN 
Gap 20 mm 
Eccentricity 320 mm 
M 16.026 KNm 
 
 
Fy(N/mm2) 235 275 355 420 460 






10 = 84 < 124 ∗ 0.81 = 100.44			𝐶𝑙𝑎𝑠𝑠	3	(𝐸𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊-N = 6 ∗ 840 ∗
840
6 = 705600	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 759.63 KN 
Vpl.rd 1721.66 KN 
Ratio 0.441 < 0.5 
No M-V interaction needed 
 





1 = 254.49𝐾𝑁 ∗ 𝑚 
 
 
Plate Resistance in Bending 
Md 243.08 KNm 
Mrd 254.49 KNm 









Grade 8.8 -  
Length 180 mm 
Thickness of Plate 40 mm 
t1 40 mm 
t2 138 mm 
Diameter 12 mm 
fu.k 800 Mpa 
fy.k 720 Mpa 
 
 
Single Shear Planes 
My.Rk 153490.85 N*mm 
 α  0 degree 
f h.0.k 31.75 Mpa 
f h.90.k  20.75 Mpa 




Ecuacion de Johansen 
Failure Modes Capacity Unit 
16002.20 
12362.29 N 12362.29 
17588.72 




Beam n/ Column nef/ Column row capacity 
 Each Side 18 10.48 9 749.987 
Beneath the Beam 6 3.48 2 62.005 
 
 
Shear Plane 1 
Fv.rk/Bolt (KN) 7.61 
N. de Bolts 336 
Fv.rd (KN) 1561.98 




Fasteners Disposition (mm) 
Parameter Designed Required Verification 
a1(p1) 70 60 OK 
e1 25 24 OK 
a2(p2) 50 48 OK 
e2 15 14.4 OK 
a4.t 40 36 OK 
 
 
Height of Beneath Plate 400 mm 
Height of Aside Plate 1240 mm 
Width of Plate 







Steel plate resistance verification: 
  
For the sake of simplifying the calculation and keeping the result in the safe side, the plate 
beneath the beam is neglected. 
 
 
Plate (S 235)      
fy 235 Mpa      






mm      
 
Vsd/Plate 759.63 KN 
Eccentricity 225 mm 






40 = 32 < 72 ∗ 1 = 72			𝐶𝑙𝑎𝑠𝑠	1	(𝑃𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊aN = 40 ∗ 1280 ∗
1280
4 = 16384000	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 759.63 KN 
Vpl.rd 6936.678 KN 
Ratio 0.109 < 0.5 
No M-V interaction needed 
 









Plate Resistance in Bending 
Md 170.917 KNm 
Mrd 3850 KNm 



























10.2 Model 2 design  
 
10.2.1 Concrete column reinforcement design 
 
The reinforcement design is carried out manually on basis of EHE. 




b 1150 mm 
h 1150 mm 
d'b 115 mm 
d‘h 115 mm 
Ac 1322500 mm2 
 
Mechanical Properties 
fck 40 N/mm2 
fctm 3.51 - 
γc 1.5 - 
fcd 26.67 N/mm2 
fct.d 2.34 - 
fyk 500 N/mm2 
γs 1.15 - 
fyd 434.78 N/mm2 
Es 210000 N/mm2 
Ec 12916.34 N/mm2 
n 16.26 - 
 
 
1. Longitudinal reinforcement design: 
 
3 critical combinations are founded.  And the reinforcement design is based on the most 
unfavorable case.  
 
Nx: Max. axial force is located in column 11 under the 5th case component of case 13 -
ultimate limit state combination - whose value is Nd = 12617.79 KN, and the correspondent 





Figure - 95 Loads combination 1 
 
My: the most unfavorable My is located in column 5 under the 6th case component of case 
33 - accidental combination - whose value is My = 4693.24 KN*m, and the correspondent Ny 




Figure - 96 Loads combination 2 
 
Mz: the critical Mz is located in column 19 under the 1st case component of case 33 - 
accidental combination - whose value is Mz = 5183.92 KN*m, and the correspondent Ny and 




Figure - 97 Loads combination 3 
 
 
( Formigó armat i pretensat, 2009) 
 
 
Combination 1 2 3 
Nd (KN) 12617.79 6060.11 5574.13 
My (KNm) -16.93 4693.24 -4591.33 
Mz (KNm) -63.73 -4141.87 5183.92 
v 0.358 0.172 0.158 
uyd 0.0004 0.1157 0.1132 
uzd 0.0016 0.1021 0.1278 
w 0.08 0.2624 0.3689 
 
w=0.3689 is adopted. 
 
w 0.3689 - 
As  29922.70867 mm2 
Cuantia min 
geo. 5290 mm2 
As min mec. 3244.53 mm2 
As  29922.71 mm2 
d. de barras 25 mm2 
Area por barra 490.625 mm2 
N.de barras 61 mm2 
area real 29928.125 mm2 
n/side 15 - 
s 55 mm 
 


















Vd(x=0) 538.38 KN 
b0 1150 mm 
d 1035 mm 
a 90 - 
cita 45 - 
cotg a 0 - 
cotg cita 1 (0.5,2) 
Vu1 9522 KN 
 
Where  𝑉ª = 0.3𝑓L0𝑏P𝑑	 
 




𝜉 = 1 + ®
200







1035 ∗ 1150 = 0.025 > 0.2	
	









𝐴OP.HWK = 3.15 ∗
1150 ∗ 1
7.5 ∗ 434.78 ∗ 1000 = 1237.44𝑚𝑚/𝑚 
 
 
Transversal Reinforcement Distribution 
d 10 mm 
As 78.5 mm2 
ramo 4 - 
St.trama 300 Mm 
St 200 Mm 
1/5Vu1 1904.4 KN 
A90 1570 Mm/m 
 




5𝑉ª = 1904.4𝐾𝑁 
 

































10.2.2 Beam x to concrete column connection 
 
The beam to concrete column connection adopts the same scheme as that of timber column 
case by means of bolted angular cover cap. The idea is that keep the beam end bolted part 
as original so that only have to redesign the screwed column face portion. 
 
The selection of fasteners has consulted the catalogs provided by fabricant Hilti. The steel 
plate design should take not only the resistance but also the constructive requirement for 
fasteners disposition, regulated in Eurocode 1992 4-4, into account. 
 
The required verification of post-installed fastenings loaded in shear are: 
 
 
(EN 1992 4-4, 2009) 
 
As it indicates in the above table, there are 3 modes of failure in shear load case which are 
steel failure, concrete pry-out failure and concrete edge failure. 
 
The concrete edge failure occurs provided that the fastener is close to the edge and the 
shear force is acting perpendicular to the border. 
 
As the concrete column is continuous extending through 3 floors, the only edge is parallel to 
the acting shear load. Therefore, this shear force is taken up equally by all fasteners 
independent on the edge distance and the steel failure and concrete pry-out failure govern 





1. Non-cracked concrete.  
 
In the region of fastening, the concrete may be cracked or non-cracked and the condition of 
concrete influence a lot anchor resistance. Factor Kcr (for concrete with cracks) and Kucr 
(for concrete without cracks) are used to quantify this affect.  
 
In general, it is always conservative to assume that the concrete is cracked. Nevertheless, as 
the concrete column is compressed the such material cracks little under compression, I 
assume it uncracks.   
 
2. Shear load without lever arm 
 
3. With hole clearance and the diameter of hole is less than hf  
 
 
The chosen fastening to connect timber beam and concrete column is HSL-3, torque 
controlled mechanical expansion anchor, post- installed fastener, whose mechanical 






(Guia de seleccion de anclaje hilti n.d.) 
 
 
Characteristic values of resistance under tension loads in case of static and quasi-static 







Characteristic values of resistance under shear loads in case of static and quasi-static 











Moreover, according to the catalogo provided by Hilti, the diameter of clearance hole in 
fixture 𝑑`	of their product is inferior to required value in EN 1992 4-1, which means all the 




(Hilti Catalogo de Fijacion de Concreto, n.d.) 
 
 
(Eueocode 1992 4-1: General 2008) 
 
Mechanical Characteristics 
Steel 8.8 - 
concrete 40 Mpa 
fu,k 800 Mpa 
fy.k 640 Mpa 
𝛾Hb 1.25 - 
𝛾HL  1.5 - 
𝛾Hba 1.5 - 
𝛾L  1.5 - 
𝛾WKb 1 - 
 
 
After several try, the feasible and optimal option is M20. 
 
d hef kucr k3 




Vrk.s 163.6 KN 
Vrd.s 163.60 KN 
 
 
Minimum spacing and minimum edge distance are required in order to prevent possible 
rupture when install fasteners, while critical parameters are the min. value ensuring the 
characteristic resistance of a single fastener.(Hilti Catalogo de Fijacion de Concreto, n.d.)  
 
 
concrete pry-out failure 
c cmin ccr s smin scr 
300 300 225 150 150 450 
 𝜓b.  𝜓1-. 𝜓-L.  Ac.n A0.c.n Ac.n/Ao.cn 
1 1 1 90000 202500 0.44 
N0.rk Nrk.c k3 Vrk.cp rmc Vrd.cp 
117351.40 52156.18 2 104.31 1.5 69.54 
 
The design resistance of single fastener is the more unfavorable one between 	
𝑉~0.b	and 𝑉~0.La, i.e. Vrd = 69.54KN and the fasteners distribution is: 
 
M24 left side beneath right side Unity 
n/row 10 4 10 n.tot 
row 1 2 1 24 
Height of fixture 1450 610 1450 mm 
Width of fixture  160 310 160 mm 
Thinkness of fixture 10 10 10 mm 
 
 
Parameter Designed Required Verification 
c 370 300 OK 




S: separation between adjacent fasteners 
C: edge distance 
 









Steel plate resistance verification: 
  
For the sake of simplifying the calculation and keeping the result in the safe side, the plate 
beneath the beam is neglected. 
 
Plate (S 355)      
fy 235 Mpa      






mm      
 
 
Vsd/Plate 759.63 KN 
Eccentricity 100 mm 




Fy(N/mm2) 235 275 355 420 460 






12 = 120.84 < 124 ∗ 1 = 124			𝐶𝑙𝑎𝑠𝑠	3	(𝐸𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊aN = 12 ∗ 1450 ∗
1450
6 = 4205000	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 759.63 KN 
Vpl.rd 2360.785 KN 
Ratio 0.322 < 0.5 
No M-V interaction needed 
 





1 = 988𝐾𝑁 ∗ 𝑚 
 
Plate Resistance in Bending 
Md 75.963 KNm 
Mrd 988 KNm 





10.2.3 Beam y to concrete column connection 
 
After several try, the feasible and optimal option is M12. 
 
d hef kucr k3 




𝑉~.b 89.6 KN 
𝑉~0.b 81.68 KN 
 
 
Concrete Pry-out Failure 
c cmin ccr s smin scr 
160 160 120 100 80 240 
 𝜓b.  𝜓1-. 𝜓-L.  𝐴L. 𝐴L.P  𝐴L./𝐴L.P  
1 0.9 1 251600 691200 0.36 
𝑁~.LP  𝑁~.L  k3 𝑉~.La 𝛾HL  𝑉~0.La 
45.71 14.97 2 25.95 1.5 19.97 
 
The design resistance of single fastener is the more unfavorable one between 𝑉~0.b	and 
𝑉~0.La, i.e. Vrd = 19.97KN and the fasteners distribution is: 
 
M12 Each side 
n/row 6 -  
row 2 -  
Height of fixture 580 mm 
Width of fixture  170 mm 
Thickness of fixture 10 mm 
 
 
Parameter Designed Required Verification 
c (mm) 305 160 OK 
s (mm) 100 80 OK 
 
 










Steel plate resistance verification: 
  
Plate (S 355)      
fy 235 Mpa      






mm      
 
 
Vsd/Plate 100.16 KN 
Eccentricity 90 mm 
M 9.014 KNm 
 
 
Fy(N/mm2) 235 275 355 420 460 






6 = 96.667 < 124 ∗ 1 = 124			𝐶𝑙𝑎𝑠𝑠	3	(𝐸𝑙𝑎𝑠𝑡𝑖𝑐) 
 
𝑊-N = 6 ∗ 580 ∗
580
6 = 336400	𝑚𝑚3 
 
𝑉𝑝𝑙. 𝑟𝑑 = 𝑡𝑝 ∗ 𝐿 ∗
𝑓𝑦
√3 ∗ 𝛾JP






Plate Resistance in Shear 
Vd 100.16 KN 
Vpl.rd 472.157 KN 
Ratio 0.212 < 0.5 
No M-V interaction needed 
 





1 = 79𝐾𝑁 ∗ 𝑚 
 
 
Plate Resistance in Bending 
Md 9.014 KNm 
Mrd 79 KNm 

















10.3 Model 3 design 
 
10.3.1 Beam y to steel column web connection 
 
On the one hand, referring to the timber theory, a simply supported wooden beam can be 
realized by bolting two lateral thin plates at their ends. On the other hand, for metallic 
structure a simple connection can be achieved by the application of welded fin plate.  Thus, 
an inspiration comes out by combining the 2 previous mentioned ideas which consists of 
remaining the bolted beam end portion as original and connecting beam y to the column 
web whilst beam x to the column flange by welding the two exterior bolted fin plates to the 
correspondent parts. 
According to EC 1993, the loads condition belongs to category A: bearing type, in which 
bolts from class 4.6 up to and including class 10.9 should be used. No preloading and special 
provisions for contact surfaces are required and he design ultimate shear load should not 
exceed the design shear resistance nor the design bearing resistance.  
Therefore, the checks that shall be carried out for fin plate bolted joints are: 
1.       Bolted joint resistance: 
i)      Shear resistance  
 
ii)     Bearing resistance of the plate against the bolts shank  
 
Where: 𝑑P, the diameter of clearance hole, is equal to the diameter of the bolt plus 1mm for 
M12 and 2mm for M16-M24. 
 
2. Fillet Weld Resistance (Directional method): 
 









       3.      Fin plate resistance  
  i)    Gross cross section under shear, bending moment and M-V interaction, which has 
been verified in timber connection design section. 
 
 








Vsd/Plate 100.16 KN 
Gap 20 mm 
Eccentricity 190 mm 
M 19.030 KNm 
 
Where the eccentricity is defined as the distance between the face of column to the center 
of fasteners group. 
 
 
1.Bolted joint resistance (bolts class 8.8): 
Bolt shear resistance: 
 
bolted joint in shear  
av 0.6 - 
fub 800 MPA 
As 254.34 mm2 
Fv.rd 97.667 KN 
Bolt bearing resistance: 
 
𝛼 = min{0.667, 1.083, 2.222, 1} = 0.067 
 
𝛽 = min{2.5, 1.7, 2.5} = 2.5 
 Bearing Resistance   
Vd 100.16 KN 
alfa 0.667 - 
beta 1.700 - 
fu 360 Mpa 
fub 800 Mpa 
d 20 mm 
t 9 mm 
rm2 1.25 - 
Fb.rd 58.752 KN 
The resistance of the group of fasteners must be taken as the number of fasteners 
multiplied by the smallest design resistance of the individual fasteners - in this case 
58.752kN. 
Fv.rd 97.667 KN 
Fb.rd 58.752 KN 
Frd 58.752 KN 
n. of bolt 7 - 
Fb.rd.tot 411.264 KN 




α: throat thickness must be less than 0.7𝑡a = 0.7 ∗ 9 = 6.3𝑚𝑚 and superior to 4.5 mm for 
plate of thickness up to 20mm. 
 
α = 5mm 






fy 235 Mpa 
fu 360 Mpa 
beta w  0.8  - 
tp 9 mm 
a 5 mm 
Lw 580 mm 
d. bolt 18 mm 
 
Lw is greater than 6a and 300mm, the weld can transmit forces. 
 
𝑊-N = 𝑎 ∗
𝐿,^













𝜎 = 𝜏 =
𝜎,
√2





1.25 ∗ 0.9 = 288𝑀𝑃𝑎 
 







10.3.2 Beam x to steel column flange connection 
 







Vsd/Plate 759.63 KN 
Gap 20 mm 
Eccentricity 320 mm 
M 243.082 KNm 
 
1.Bolted joint resistance:  
Bolt shear resistance (bolts class 8.8): 
 
bolted joint in shear  
av 0.6 - 
fub 800 MPA 
As 314 mm2 
Fv.rd 120.576 KN 
 
Bolt bearing resistance: 
 
𝛼 = min{0.758, 1.114, 1.702, 1} = 0.758 
 
𝛽 = min{2.118, 3.391, 2.5} = 2.118 
 
Plate Bearing Resistance 
Vd 759.63 KN 
alfa 0.758 - 
beta 2.118 - 
fu 470 Mpa 
fub 800 Mpa 
d 20 mm 
t 10 mm 
rm2 1.25 - 
Fb.rd 120.672 KN 
The resistance of the group of fasteners must be taken as the number of fasteners 
multiplied by the smallest design resistance of the individual fasteners - in this case 
127.576kN. 
Fv.rd 120.576 KN 
Fb.rd 120.672 KN 
Frd 120.576 KN 
n. of bolt 45 - 
Frd.tot 5425.92 KN 




α: throat thickness must be less than 0.7𝑡a = 0.7 ∗ 10 = 7𝑚𝑚 and superior to 4.5 mm for 
plate of thickness up to 20mm. 
 
α = 6mm 





fy 355 Mpa 
fu 470 Mpa 
 𝛽, 0.9 - 
tp 10 mm 
a 6 mm 
Lw 840 mm 
Wel 705600 mm3 
d. bolt 20 mm 
 
Lw is greater than 6a and 300mm, the weld can transmit forces. 
 
𝑊-N = 𝑎 ∗
𝐿,^











𝜎 = 𝜏 =
𝜎,
√2





1.25 ∗ 0.9 = 338.4𝑀𝑃𝑎 
 
























































































10.5 Simplified calculation notes in Robot 
 
Structure type: Shell   
 
 
Structure gravity center coordinates:   
X =     40.000 (m) 
Y =     18.000 (m) 
Z =     10.199 (m) 
Central moments of inertia of a structure:   
Ix = 159410414.751 (kg*m2) 
Iy = 635026121.988 (kg*m2) 
Iz = 752006108.834 (kg*m2) 
Mass = 999294.305 (kg) 
 
Coordinates of structure centroid with static global masses considered:   
X =     40.000 (m) 
Y =     18.000 (m) 
Z =     10.319 (m) 
Central moments of inertia of a structure with static global masses considered:   
Ix = 1918552120.192 (kg*m2) 
Iy = 5597770384.062 (kg*m2) 
Iz = 7143246806.524 (kg*m2) 
Mass = 9521395.023 (kg) 
 
Coordinates of structure centroid with dynamic global masses considered:   
X =     40.000 (m) 
Y =     18.000 (m) 
Z =     10.319 (m) 
Central moments of inertia of a structure with dynamic global masses considered:   
Ix = 1918552120.192 (kg*m2) 
Iy = 5597770384.062 (kg*m2) 
Iz = 7143246806.524 (kg*m2) 
Mass = 9521395.023 (kg) 
 
 
Structure description   
Number of nodes: 2069 
Number of bars: 693 
Bar finite elements: 1413  
Planar finite elements: 0 
Volumetric finite elements: 0 
No of static degr. of freedom: 12285  
Cases: 41  
Combinations: 1  






Table of load cases / analysis types 
 
Case 1 : DL cubierta  
Analysis type: Static - Linear 
 
 
Case 2 : DL 1-2 floors  
Analysis type: Static - Linear 
 
 
Case 3 : DL fachada KN/m  
Analysis type: Static - Linear 
 
 
Case 4 : DL viga x KN/m  
Analysis type: Static - Linear 
 
 
Case 5 : DL viga y KN/m  
Analysis type: Static - Linear 
 
 
Case 6 : LL cubierta  
Analysis type: Static - Linear 
 
 
Case 7 : LL 1-2 floors  
Analysis type: Static - Linear 
 
 
Case 8 : Snow  
Analysis type: Static - Linear 
 
 
Case 9 : Wind Simulation X+ 29 m/s  
Analysis type: Static - Linear 
 
Data: 
Wind velocity :      29.00 (m/s)  
Terrain level :      12.00 (m)  
Wind profile : Constant 
Exposed elements : Whole structure 
Openings : Closed for the wind flow 
Stop criterion : Manual 
 
Sum of main forces :     55.765 (kN)  
Sum of perpendicular forces :      0.749 (kN)  
Sum of vertical forces :    256.982 (kN)  
Precision :       1.73 (%)  
Sum of forces may differ due to model simplification (forces on panel/cladding sidewalls and 
bar top/bottom side are neglected) 
 
 
Case 10 : Wind Simulation Y+ 29 m/s  
Analysis type: Static - Linear 
 
Data: 
Wind velocity :      29.00 (m/s)  
Terrain level :      12.00 (m)  
Wind profile : Constant 
Exposed elements : Whole structure 
Openings : Closed for the wind flow 
Stop criterion : Manual 
 
Sum of main forces :     97.249 (kN)  
Sum of perpendicular forces :     23.432 (kN)  
Sum of vertical forces :     67.742 (kN)  
Precision :       1.80 (%)  
Sum of forces may differ due to model simplification (forces on panel/cladding sidewalls and 
bar top/bottom side are neglected) 
 
 
Case 11 : Wind Simulation X- 29 m/s  
Analysis type: Static - Linear 
 
Data: 
Wind velocity :      29.00 (m/s)  
Terrain level :      12.00 (m)  
Wind profile : Constant 
Exposed elements : Whole structure 
Openings : Closed for the wind flow 
Stop criterion : Manual 
 
Sum of main forces :     55.765 (kN)  
Sum of perpendicular forces :      0.749 (kN)  
Sum of vertical forces :    256.982 (kN)  
Precision :       1.73 (%)  
Sum of forces may differ due to model simplification (forces on panel/cladding sidewalls and 
bar top/bottom side are neglected) 
 
 
Case 12 : Wind Simulation Y- 29 m/s  
Analysis type: Static - Linear 
 
Data: 
Wind velocity :      29.00 (m/s)  
Terrain level :      12.00 (m)  
Wind profile : Constant 
Exposed elements : Whole structure 
Openings : Closed for the wind flow 
Stop criterion : Manual 
 
Sum of main forces :     97.249 (kN)  
Sum of perpendicular forces :     23.432 (kN)  
Sum of vertical forces :     67.742 (kN)  
Precision :       1.80 (%)  
Sum of forces may differ due to model simplification (forces on panel/cladding sidewalls and 
bar top/bottom side are neglected) 
 
 
Case 19 : DL vigueta  
Analysis type: Static - Linear 
 
 
Case 20 : Modal   




Analysis mode : Seismic  
Type of mass matrix : Lumped 
Number of modes : 75 
Limits :      0.000  
Coefficient :     95.000  
 
Case 23 : Seismic - Spanish NCSR-02 Direction_X  
Analysis type: Dynamics - Seismic 
 
Mass eccentricities  ex =      5.000 (%)   ey =      5.000 (%)  
Excitation direction:  
X =      1.000 
Y =      0.000 






Seismic base acceleration :      0.040  
Coefficient of participation :      1.000  
Hazard factor :      1.300  
Soil factor :      1.600  
Plastic behavior factor :      1.000  




Damping : x =      0.050 
Damping correction : v = (5/x)0,4 =        1.000 
 
TA =      0.160 TB =      0.640   S =      1.280 
 
 
Case 24 : Seismic - Spanish NCSR-02 Direction_Y  
Analysis type: Dynamics - Seismic 
 
Mass eccentricities  ex =      5.000 (%)   ey =      5.000 (%)  
Excitation direction:  
X =      0.000 
Y =      1.000 






Seismic base acceleration :      0.040  
Coefficient of participation :      1.000  
Hazard factor :      1.300  
Soil factor :      1.600  
Plastic behavior factor :      1.000  




Damping : x =      0.050 
Damping correction : v = (5/x)0,4 =        1.000 
 
TA =      0.160 TB =      0.640   S =      1.280 
 
 
Case 25 : 1 * X  1 * Y    






































Secondary beam calculation notes: 
 
TIMBER STRUCTURE CALCULATIONS 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE:   EN 1995-1:2004/A2:2014 
ANALYSIS TYPE:   Code Group Verification 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE GROUP:   3  vigueta     




Governing Load Case:   63 FIRE /1/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*0.70 + 7*0.70 + 19*1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
MATERIAL    CLT40 
gM,fi = 1.00 f m,0,k = 40.00 MPa f t,0,k = 24.00 MPa f c,0,k = 26.00 MPa 
f v,k = 2.70 MPa f t,90,k = 0.40 MPa f c,90,k = 2.90 MPa E 0,moyen = 14000.00 
MPa 
E 0,05 = 9380.00 MPa G moyen = 880.00 MPa Service class:  1 Beta c = 1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  SECTION PARAMETERS:  vigueta 650 220 
ht=650.0 mm      
bf=220.0 mm  Ay=95333.33 mm2  Az=95333.33 mm2  Ax=143000.00 mm2  
tw=110.0 mm  Iy=5034791666.67 mm4  Iz=576766666.67 mm4  Ix=1815040157.6 mm4  
tf=110.0 mm  Wy=15491666.67 mm3  Wz=5243333.33 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  PARAMETERS OF FIRE RESISTANCE  
Method : Limited resistance and rigidity + carbon radius    
beta0 = 0.65 mm/min t = 1.50 h tch = 60.00 min 
Protected sides : RLoL dchar = 32.0 mm 
 r = 32.0 mm 
perimeter = 220.0 mm bf,fi = 220.0 mm 
hf,fi = 618.0 mm A,fi = 135960.00 mm2 
Iy,fi = 4327198920.00 mm4 Iz,fi = 548372000.00 mm4 
Wy,fi = 14003880.00 mm3 Wz,fi = 4985200.00 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
STRESSES ALLOWABLE STRESSES  
Sig_m,y,d,fi = MY/Wy,fi= 170.50/14003880.00 = 12.18 MPa f m,y,d,fi = 45.63 MPa 
---------------------------------------------------------------------------------------------------------------------------------------
- 
Factors and additional parameters 
 kfi = 1.15 kmod_fc = 0.99 kmod_ft = 1.00 kmod_fb = 0.99   
---------------------------------------------------------------------------------------------------------------------------------------
- 




  About Y axis:    About Z axis: 
---------------------------------------------------------------------------------------------------------------------------------------
- 
VERIFICATION FORMULAS:  





    Deflections  (LOCAL SYSTEM):   
u fin,y = 0.0 cm  <  u fin,max,y = L/150.00 = 8.0 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6)*19 + 
(1+0*0.6)*9 
u fin,z = 6.4 cm  <  u fin,max,z = L/150.00 = 8.0 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6*0.6)*7 + 
(1+0.6)*19 + (0.6+0*0.6)*9      
 
    Displacements (GLOBAL SYSTEM):   
v x = 0.0 cm  <  v max,x = L/150.00 = 8.0 cm Verified 
Governing load case:   SLS:CHR /57/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 7*0.70 + 19*1.00 + 
9*1.00 
v y = 0.0 cm  <  v max,y = L/150.00 = 8.0 cm Verified 































Beam y calculation notes: 
 
TIMBER STRUCTURE CALCULATIONS 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE:   EN 1995-1:2004/A2:2014 
ANALYSIS TYPE:   Code Group Verification 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE GROUP:   2  viga y     




Governing Load Case:   63 FIRE /1/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*0.70 + 7*0.70 + 19*1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
MATERIAL    CLT40 
gM,fi = 1.00 f m,0,k = 40.00 MPa f t,0,k = 24.00 MPa f c,0,k = 26.00 MPa 
f v,k = 2.70 MPa f t,90,k = 0.40 MPa f c,90,k = 2.90 MPa E 0,moyen = 14000.00 
MPa 
E 0,05 = 9380.00 MPa G moyen = 880.00 MPa Service class:  1 Beta c = 1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  SECTION PARAMETERS:  By 1100 280 
ht=1100.0 mm      
bf=280.0 mm  Ay=205333.33 mm2  Az=205333.33 mm2  Ax=308000.00 mm2  
tw=140.0 mm  Iy=31056666666.67 mm4  Iz=2012266666.67 mm4  Ix=6757827703.7 mm4  
tf=140.0 mm  Wy=56466666.67 mm3  Wz=14373333.33 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  PARAMETERS OF FIRE RESISTANCE  
Method : Limited resistance and rigidity + carbon radius    
beta0 = 0.65 mm/min t = 1.50 h tch = 60.00 min 
Protected sides : RLoL dchar = 32.0 mm 
 r = 32.0 mm 
perimeter = 280.0 mm bf,fi = 280.0 mm 
hf,fi = 1068.0 mm A,fi = 299040.00 mm2 
Iy,fi = 28424350080.00 mm4 Iz,fi = 1953728000.00 mm4 
Wy,fi = 53229120.00 mm3 Wz,fi = 13955200.00 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
STRESSES ALLOWABLE STRESSES 
 f v,d,fi = 3.09 MPa 
Tau z,d,fi = 1.5*140.61/299040.00 = 0.71 MPa  
---------------------------------------------------------------------------------------------------------------------------------------
- 
Factors and additional parameters 
 kfi = 1.15 kmod_fc = 0.99 kmod_ft = 1.00 kmod_fb = 1.00   
---------------------------------------------------------------------------------------------------------------------------------------
- 




  About Y axis:    About Z axis: 
---------------------------------------------------------------------------------------------------------------------------------------
- 
VERIFICATION FORMULAS:  
 




    Deflections  (LOCAL SYSTEM):   
u fin,y = 0.0 cm  <  u fin,max,y = L/150.00 = 8.0 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6)*19 + 
(1+0*0.6)*9 
u fin,z = 2.4 cm  <  u fin,max,z = L/150.00 = 8.0 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6*0.6)*7 + 
(1+0.6)*19 + (0.6+0*0.6)*9      
 
    Displacements (GLOBAL SYSTEM):   
v x = 0.0 cm  <  v max,x = L/150.00 = 8.0 cm Verified 
Governing load case:   SLS:CHR /57/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 7*0.70 + 19*1.00 + 
9*1.00 
v y = 0.0 cm  <  v max,y = L/150.00 = 8.0 cm Verified 






























Beam x calculation notes: 
 
 
TIMBER STRUCTURE CALCULATIONS 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE:   EN 1995-1:2004/A2:2014 
ANALYSIS TYPE:   Member Verification 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE GROUP:        




Governing Load Case:   63 FIRE /1/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*0.70 + 7*0.70 + 19*1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
MATERIAL    CLT40 
gM,fi = 1.00 f m,0,k = 40.00 MPa f t,0,k = 24.00 MPa f c,0,k = 26.00 MPa 
f v,k = 2.70 MPa f t,90,k = 0.40 MPa f c,90,k = 2.90 MPa E 0,moyen = 14000.00 
MPa 
E 0,05 = 9380.00 MPa G moyen = 880.00 MPa Service class:  1 Beta c = 1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  SECTION PARAMETERS:  Bx 1250 310 
ht=1250.0 mm      
bf=310.0 mm  Ay=258333.33 mm2  Az=258333.33 mm2  Ax=387500.00 mm2  
tw=155.0 mm  Iy=50455729166.67 mm4  Iz=3103229166.67 mm4  Ix=10472824681.4 mm4  
tf=155.0 mm  Wy=80729166.67 mm3  Wz=20020833.33 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  PARAMETERS OF FIRE RESISTANCE  
Method : Limited resistance and rigidity + carbon radius    
beta0 = 0.65 mm/min t = 1.50 h tch = 60.00 min 
Protected sides : RLoL dchar = 32.0 mm 
 r = 32.0 mm 
perimeter = 310.0 mm bf,fi = 310.0 mm 
hf,fi = 1218.0 mm A,fi = 377580.00 mm2 
Iy,fi = 46679082660.00 mm4 Iz,fi = 3023786500.00 mm4 
Wy,fi = 76648740.00 mm3 Wz,fi = 19508300.00 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
STRESSES ALLOWABLE STRESSES  
Sig_m,y,d,fi = MY/Wy,fi= 2590.03/76648740.00 = 33.79 MPa f m,y,d,fi = 45.81 MPa 
 f v,d,fi = 3.09 MPa 
Tau z,d,fi = 1.5*-19.60/377580.00 = -0.08 MPa  
---------------------------------------------------------------------------------------------------------------------------------------
- 
Factors and additional parameters 
 kfi = 1.15 kmod_fc = 0.99 kmod_ft = 1.00 kmod_fb = 1.00   
---------------------------------------------------------------------------------------------------------------------------------------
- 




  About Y axis:    About Z axis: 
---------------------------------------------------------------------------------------------------------------------------------------
- 
VERIFICATION FORMULAS:  
Sig_m,y,d,fi/f m,y,d,fi = 33.79/45.81 = 0.74 < 1.00   (6.11) 
 




    Deflections  (LOCAL SYSTEM):   
u fin,y = 0.0 cm  <  u fin,max,y = L/150.00 = 13.3 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6)*19 + 
(1+0*0.6)*10 
u fin,z = 11.13 cm  <  u fin,max,z = L/150.00 = 13.3 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6*0.6)*6 + 
(0.7+0.6*0.6)*7 + (0.5+0*0.6)*8 + (1+0.6)*19      
 
    Displacements (GLOBAL SYSTEM):   
v x = 0.0 cm  <  v max,x = L/150.00 = 13.3 cm Verified 
Governing load case:   SLS:CHR /59/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 7*0.70 + 19*1.00 + 
10*1.00 
v y = 0.0 cm  <  v max,y = L/150.00 = 13.3 cm Verified 































Timber column calculation notes: 
 
TIMBER STRUCTURE CALCULATIONS 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE:   EN 1995-1:2004/A2:2014 
ANALYSIS TYPE:   Code Group Verification 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE GROUP:   4  column     




Governing Load Case:   63 FIRE /1/ 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*0.70 + 7*0.70 + 19*1.00 
---------------------------------------------------------------------------------------------------------------------------------------
- 
MATERIAL    GL32h 
gM,fi = 1.00 f m,0,k = 32.00 MPa f t,0,k = 25.60 MPa f c,0,k = 32.00 MPa 
f v,k = 3.50 MPa f t,90,k = 0.50 MPa f c,90,k = 2.50 MPa E 0,moyen = 14200.00 
MPa 
E 0,05 = 6000.00 MPa G moyen = 650.00 MPa Service class:  1 Beta c = 0.10 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  SECTION PARAMETERS:  c 1250 1250 
ht=1250.0 mm      
bf=1250.0 mm  Ay=1041666.67 mm2  Az=1041666.67 mm2  Ax=1562500.00 mm2  
tw=625.0 mm  Iy=203450520833.33 mm4  Iz=203450520833.33 mm4 
 Ix=343220429088.0 mm4  
tf=625.0 mm  Wy=325520833.33 mm3  Wz=325520833.33 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
  PARAMETERS OF FIRE RESISTANCE  
Method : Limited resistance and rigidity + carbon radius    
beta0 = 0.65 mm/min t = 1.50 h tch = 60.00 min 
Protected sides : UpRLoL dchar = 32.0 mm 
 r = 32.0 mm 
perimeter = 0.0 mm bf,fi = 1250.0 mm 
hf,fi = 1250.0 mm A,fi = 1562500.00 mm2 
Iy,fi = 203450520833.33 mm4 Iz,fi = 203450520833.33 mm4 
Wy,fi = 325520833.33 mm3 Wz,fi = 325520833.33 mm3 
---------------------------------------------------------------------------------------------------------------------------------------
- 
STRESSES ALLOWABLE STRESSES 
Sig_c,0,d,fi = N/Ax,fi = 5421.32/1562500.00 = 3.47 MPa f c,0,d,fi = 36.80 MPa 
---------------------------------------------------------------------------------------------------------------------------------------
- 
Factors and additional parameters 
 kfi = 1.15 kmod_fc = 1.00 kmod_ft = 1.00 kmod_fb = 1.00   
---------------------------------------------------------------------------------------------------------------------------------------
- 




  About Y axis:    About Z axis: 
LY = 5.40 m  Lambda Y = 29.93  LZ = 5.40 m  Lambda Z = 29.93  
Lambda_rel Y = 0.70  ky = 0.76  Lambda_rel Z = 0.70  kz = 0.76  
LFY = 10.80 m  kcy = 0.93 LFZ = 10.80 m kcz = 0.93 
---------------------------------------------------------------------------------------------------------------------------------------
- 
VERIFICATION FORMULAS:  
Sig_c,0,d,fi/f c,0,d,fi = 3.47/36.80  = 0.09 < 1.00   (6.23-4) 




    Deflections  (LOCAL SYSTEM):   
u fin,y = 0.0 cm  <  u fin,max,y = L/200.00 = 2.7 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6)*19 + 
(1+0*0.6)*12 
u fin,z = 0.0 cm  <  u fin,max,z = L/200.00 = 2.7 cm Verified 
Governing load case:   (1+0.6)*1 + (1+0.6)*2 + (1+0.6)*3 + (1+0.6)*4 + (1+0.6)*5 + (1+0.6)*19 + 
(1+0*0.6)*11   u inst,y = 0.0 cm  <  u inst,max,y = L/300.00 = 1.8 cm
 Verified 
Governing load case:   1*1 + 1*2 + 1*3 + 1*4 + 1*5 + 0.7*7 + 1*19 + 1*12 
u inst,z = 0.0 cm  <  u inst,max,z = L/300.00 = 1.8 cm Verified 
Governing load case:   1*1 + 1*2 + 1*3 + 1*4 + 1*5 + 0.7*7 + 1*19 + 1*11    
 
    Displacements (GLOBAL SYSTEM):   
v x = 0.0 cm  <  v max,x = L/150.00 = 3.6 cm Verified 
Governing load case:   SLS:CHR /61/  1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 7*0.70 + 19*1.00 + 
11*1.00 
v y = 0.0 cm  <  v max,y = L/150.00 = 3.6 cm Verified 






























CODE:    UNE-EN 1993-1:2013/A1:2014,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Code Group Verification 
---------------------------------------------------------------------------------------------------------------------------------------
- 
CODE GROUP:   5  metallic columns     










S 450  ( S 450 )       fy = 450.00 MPa            
---------------------------------------------------------------------------------------------------------------------------------------
- 
   SECTION PARAMETERS:  HHEB 500 
h=500.0 mm gM0=1.00 gM1=1.00 
b=600.0 mm  Ay=34851.60 mm2  Az=12876.00 mm2  Ax=47727.60 mm2  
tw=14.5 mm  Iy=2143600000.00 mm4  Iz=1326100000.00 mm4  Ix=926850000.00 mm4  
tf=28.0 mm  Wply=9629130.00 mm3  Wplz=7155000.00 mm3  
---------------------------------------------------------------------------------------------------------------------------------------
- 
INTERNAL FORCES AND CAPACITIES: 
N,Ed = 6259.38 kN   My,Ed = -1630.25 kN*m  Mz,Ed = 1146.98 kN*m  Vy,Ed = 254.09 kN 
Nc,Rd = 21477.42 kN  My,Ed,max = -1630.25 kN*m  Mz,Ed,max = 1146.98 
kN*m Vy,T,Rd = 9050.88 kN 
Nb,Rd = 18375.43 kN  My,c,Rd = 4333.11 kN*m  Mz,c,Rd = 3219.75 kN*m Vz,Ed = 420.67 kN 
  MN,y,Rd = 3603.61 kN*m  MN,z,Rd = 3219.75 kN*m Vz,T,Rd = 3345.07 kN 
   Tt,Ed = 2.19 kN*m 
   Class of section = 2 
---------------------------------------------------------------------------------------------------------------------------------------
- 




      About y axis:       About z axis: 
Ly = 5.40 m  Lam_y = 0.38  Lz = 5.40 m  Lam_z = 0.48  
Lcr,y = 5.40 m  Xy = 0.94  Lcr,z = 5.40 m  Xz = 0.86  
Lamy = 25.48  kyy = 1.01  Lamz = 32.40  kyz = 0.60 
---------------------------------------------------------------------------------------------------------------------------------------
- 
VERIFICATION FORMULAS:  
Section strength check: 
N,Ed/Nc,Rd = 0.29 < 1.00   (6.2.4.(1)) 
(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.46 = 0.43 < 1.00   (6.2.9.1.(6)) 
Vy,Ed/Vy,T,Rd = 0.03 < 1.00   (6.2.6-7) 
Vz,Ed/Vz,T,Rd = 0.13 < 1.00   (6.2.6-7) 
Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 
Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 
Global stability check of member: 
Lambda,y = 25.48 < Lambda,max = 210.00          Lambda,z = 32.40 < Lambda,max = 210.00    STABLE 
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.90 < 1.00   
(6.3.3.(4)) 








according to Eurocode 3  (EN 1993-1-5:2005) 
 





SECTION PARAMETERS:  HHEB 500 
ht=500.0 mm      
bf=600.0 mm  Ay=16800.00 mm2  Az=14500.00 mm2  Ax=47727.60 mm2  
tw=14.5 mm  Iy=2143600000.00 mm4  Iz=1326100000.00 mm4  Ix=926850000.00 mm4  
tf=28.0 mm  Wely=8574400.00 mm3  Welz=4420333.33 mm3 
 
TRANSVERSE STIFFENERS 
Stiffener positions: 0.00; 5.40 real coordinates 
Translation:  a = 0.00 m;    b = 0.00 m 
Stiffener 1 bilateral ts = 14.5 mm hs = 444.0 mm 
Stiffener 2 bilateral ts = 14.5 mm hs = 444.0 mm 
 
CONCENTRATED FORCES 
Force positions:  real coordinates 
 
SHEAR BUCKLING RESISTANCE (EC3 art. 5) 
Symbols: 
Lam_w - relative web slenderness [5.2.(5)] 
kT - local buckling coefficient for shear [A.3.(1)] 
Xw - Influence factor for shear resistance (web) [5.3.(1)] 
Xf - Influence factor for shear resistance (flange) [5.4.(1)] 
Xv - Instability factor for shear [5.2.(1)] 
Mf,Rd - Design resistance of section flanges [5.4.(1)] 
VEd - Maximum shear force in a panel [5.2.(1)] 
Vb,Rd - Design shear buckling resistance [5.2.(1)] 
 
Panel A Panel coordinates A x = (0.00 ; 1.00) 
Point   x = 0.00 m 
According to paragraph 5.1.(2), it is not necessary to check resistance to local shear buckling. 
 
RESISTANCE OF WEBS TO TRANSVERSE FORCES (EC3 art.5.7) 
The beam check has not been performed because the concentrated force applied to web without stiffeners was 
not detected. 
 
INTERACTION SHEAR/BENDING/AXIAL FORCE (EC3 art. 7.1) 
Symbols: 
My,Ed - Design bending moment  
Mz,Ed - Design bending moment  
NEd - Design axial force  
VEd - Design shear force  
Mf.Rd - Design plastic moment resistance of a section consisting of flanges [7.1.(1)] 
My,pl.Rd - Design beam resistance at bending [7.1.(1)] 
Vb.Rd - Design shear buckling resistance [5.2.(1)] 
 
Panel A Panel coordinates A x = (0.00 ; 1.00) 
Point   x = 0.00 m 
According to [7.1.(1)] checking of NTM interaction is not necessary (VEd/Vb,Rd < 0.5 );  
 
STABILITY OF COMPRESSIVE FLANGE (EC3  art. 8.1) 
Symbols: 
k - Factor depending on section class [8.(1)] 
Aw - Area of stiffener [8.(1)] 
Afc - Area of compressive flange [8.(1)] 
 
k = 0.40 Aw = 6438.00 mm2 Afc = 16800.00 mm2 
Check condition: (8.1) 





























10.6 Unit price 
 










































































































Timber – concrete connection: 16.868Euros/kg. 
 
 
